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PREFACE. 


THE object of this work is to facilitate the introduction of a Course 
of Chemistry, as an elementary branch of education, in all schools 
and academies, and to lay a foundation for the young pupil’s future 
progress in Science, and in the more important of its practical 
applications in the economy of daily life and the useful arts, by 
awakening his mind to the nature of the material world in which 
he is placed. 

Chemistry occupies a position altogether peculiar, when con- 
sidered as a branch of general education, from its practical relation 
to the materials that affect man every moment during the whole 
period of his existence. No one can study the phenomena of respi- 
ration, the nature and varieties of atmosphere to which the human 
frame is exposed, the theory of combustion, the communication of 
heat, the production of artificial light, the purification of water, 
the evolution of poisonous gases and other deleterious impurities, 
or any portion of the infinite variety of facts which this science 
has pointed out or explained, without seeing the important position 
which it holds with respect to the general economy and manage- 
ment of the means provided by the Author of nature for the 
existence of man. 

Every one, in reality, is more or less a practical chemist, whether 
he shall study chemistry systematically or not; and it becomes a 
question, therefore, how far it may be possible to introduce, as a 
general branch of education, a course of such select illustrations as 
may enable all to become familiar with the facts connected with 
this science which influence the wants and comfort of daily life. 
Such courses would have the advantage of awakening the mind of 
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the young pupil to a more precise understanding of the nature of 
the material world in which he is placed, and lead him to observe 
with a philosophic eye many of the phenomena of nature and of 
art, which, under ordinary circumstances, he altogether overlooks, 
from the want of a proper key. 

They have not been recommended without a proper trial of their 
practicability. Several years ago, courses were given to upwards 
of one thousand persons, from different schools and academies, 

_with a view of determining details; and it is submitted, that, were 
arrangements made for their: general introduction, the expenditure 
of a very moderate sum in each school would be sufficient to pro- 
vide apparatus for illustrating the more important and essential 
points in chemistry, connected with the general preservation of 
health, the use and application of fuel, and the various departments 
of this science that are continually forced upon the attention in 
every class of society. It is not contemplated to engage in such 
preliminary courses with complicated instruments, but to render 
familiar the use of more simple apparatus, such as there will be no 
difficulty in experimenting with, after a little practice, while, at the 
same time, it will be sufficient for all the illustrations required. 

In all the schools where such trials have hitherto been made, the 
pupils entered eagerly into the prescribed exercises. ‘These were 
evidently, when properly arranged, congenial to their inclinations 
and adapted to their capacities. One hour a-week, for one session, 
would be sufficient to lay a good foundation, were no more time 
granted. And when the illustrations shown by the teacher are con- 
joined with a system of practical lessons. in testing with flat-glass 
apparatus, the operations in which the pupils engage individually 
afford a mental exercise of great importance, while they train in 
early life those that perform them to habits of precise and accurate 
observation.. The union of a certain amount of practice with the 
theory of the subjects taught, however simple the arrangements by 
which all the pupils are enabled to join in this. department, has 
been found of great importance in carrying these views into effect. 
The pupil, as Chaptal has well observed of those who engage in ex- 
periments, then sees in his practice the confirmation of all that is 
told him; he refers all that is said to all that he does; he compares 
the theory with his own operations, and in a manner identifies it 
with. them, . | 


Again, such courses would not only be important in econo- 
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mising the means and increasing the comforts of the poor, but 
prove equally advantageous to other classes of society. Further, 

they have become essential for young persons intended for pro- 
_ fessions where a knowledge of physical science is necessary, as, 
from the great progress now made in all its branches, without some 
previous training in elementary schools, it would be as impossible 
to expect the medical man, the engineer, the architect, the manu- 
facturer, and all who are. professionally interested in science, to 
obtain that amount of information from the usual course of educa- 
tion which is now required, as it would be for any one to maintain a 
proper rank as a’scholar or a mathematician, were he never to enter 
upon the study of classics or mathematics till he should join a 
university. Even now, in some professions, it is observed that the 
period of professional education is not adapted to the present state 
of science; and if elementary instruction, in some branches at least, 
be not provided systematically in schools and academies, an ex- 
tended period must be allotted to it at a future time, which must 
bear heavily on the means and resources of the advanced student, 
or college and university courses must be kept at a low level, com- 
pared with the ground they would take, were professors not com- 
pelled, as they too often are at present, to begin their courses with 
the most simple and elementary facts, which might be taught more 
advantageously before the pupils come to them. 

Chemistry, accordingly, may be affirmed to have claims upon 
general attention, which no other branch of physical science pre- 
sents; and it is also to be considered, from the cognisance which 
it takes of the composition of matter, as the basis of other branches, 
which can be associated with it afterwards in each peculiar semi- 
nary of education, as local circumstances may deterniine. 

Were the above plan carried more extensively into operation, a 
great mass of information, in reference to the nature and capability 
of the materials of which the globe is composed, and of the produc- 
tions of art, confined among a comparatively small number at pre- 
sent, would, in the course of a very few years, be much more gene- 
rally diffused throughout the country; and, besides the direct ad- 
vantages that would be gained in this manner, many other valuable 
results would be obtained, particularly a more specific knowledge 
of the nature of the action of external agents upon the human 
frame ; whence additional and more willing assistance might be cal- 
culated on in carrying out the details of all public measures for the 
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improvement of health, especially in that class of society whose 

want of means and of inclination render them most obnoxious to 

those causes of disease which can be alleviated or removed by care 

and attention. Nor ought it to be forgotten, that these means 

would establish, at the same time, opportunities which might enable 

emigrants to acquire a knowledge of numerous facts, which must 
sbe highly valuable to them after they leave their native country, 
though, perhaps, the establishment of a few local schools for this 
purpose, in the principal ports from which they embark, would also 
be desirable. 

The leading outlines of the plan recommended were fully detailed, 
a few years ago, in Chambers’s Journal,* and I beg to refer to that 
work for further remarks on the subject. 

In using this treatise, the teacher is recommended to tle such 
experiments as his facilities may permit, from the very commence- 
ment of his course; and practice will soon enable him to avail 
himself of numerous adjustments which may not at first occur to 
him. He ought also to endeavour to arrange a small museum of | 
specimens, commencing with those tests and chemicals mentioned 
in the last chapter. The frequent use of the chemical abacus de- 
scribed in treating of the particles of matter, will be found mate- 
rially to assist the general student in ascertaining the precise nature 
of numerous chemical operations, more especially when he has not 
the advantage of frequently seeing experimental illustrations. 


* See N os. 226 and 228, 
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RUDIMENTS OF CHEMISTRY. 


CHAPTER I. 


INTRODUCTION.—NATURE OF CHEMISTRY. 


1. Tus globe presents a vast variety of materials to view, 
having many different properties. By these they are distin- 
guished from each other, and adapted for the various purposes 
they serve in the general economy of nature, and in supplying 
the wants of man. A knowledge of their properties has been 
gained by the general experience of mankind, gradually in- 
creasing In each successive generation, and also by the disco- 
veries that have so often attended the investigations of men of 
science who devoted their time to such inquiries. 

2. The term Puysicat ScrencE is usually employed to signify 
the knowledge of the material world, which has been obtained 
in the above manner, namely, by observation and by experi- 
ment. 

3. For the convenience of the student, as well as with the 
view of providing a clear and systematic classification, it has 
been customary to consider the facts that have been discovered 
in various points of view, and to arrange them under different 
heads or departments. Hence, in particular, have arisen the 
two great branches of Naruran PurtosopHy and CHEMISTRY, 
which may be said to constitute the basis of every department 
of physical science, whether it refer to the animal, to the vege- 
table, or to the mineral kingdom. ; 

4, Natural Philosophy takes cognisance of all those pro- 
perties of matter in which the form and the stability or motion 
of matter come into play. The sailing of a boat, the movement 
of a cannon-ball, the working of a machine, the construction 
of a building, the alteration in the form of a piece of wood, 
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stone, or marble, as induced by mechanical means, all come 
within the province of Natural Philosophy. The stability of 
bodies, motion, its production and direction, and the effect of 
any impetus produced by one mass of matter acting on or 
striking another, are always the great objects of consideration. 

5. But in Chemistry a very different view is taken. The 
properties of the minute particles of matter are investigated, 
and the manner in which the particles of one kind of matter 
affect the particles of other bodies, when they are intimately 
mixed with each other. 

6. In the department of Natural Philosophy, the materials or 
masses that may be the object of experiment and observation 
present the same general characters before and after they have 
been observed or made the subject of experiment. The marble 
that is dug out of the ground is still marble, whether broken 
into fragments by a rude blow with a hammer, or fashioned 
into a bust or statue by the chisel of the sculptor, a mechanical 
change solely having been effected. - : 

7. In chemical action, however, this is not the case; the 
matters that come into play form more or less a substance hav- 
ing a new appearance, and heat, light, electricity, and magne- 
tism, are often and sometimes all developed in the same expe- 
riment. When a piece of coal burns, a chemical action takes 
place between its particles and those of the air; the coal in a 
great measure disappears, and the air in contact with it acquires 
new properties, becoming fatal to animal life, and incapable of 
supporting the combustion or burning of more coal, while heat 
and light are largely evolved. All this arises from the minute 
particles of the coal affecting the minute particles of the air, 
the greater portion of the coal: producing matters that are no 
_longer visible, but which are thin and attenuated like the air, 

however different they may be from it in other respects. 

8. If coal be heated without access of air, another series of 
chemical changes occur ; gas, water, tar, ammonia, and coke, 
are the result. . | 

9. Again, sugar and salt are dissolved by water, the particles 
of the fluid uniting with those of the solid; and by mingling 
various substances, not only are heat, light, and electricity 
evolved, but solids often become liquid or gaseous, while liquids 
Aeepe solid or gaseous, and gases often pass to a liquid or solid 
orm. 

10. The colour, density, lustre, tenacity, and other properties 
_of bodies acting chemically, are frequently so entirely changed, 
that we cannot with the eye alone recognise in the products 
the original materials out of which they may have been formed ; 
if sand and soda be heated in a furnace, the particles of the 
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ona unite with those of the other, and melt into a transparent 
glass. 

11. A change of properties, then, is the grand and leading 
character of the operations of Chemistry, not a change of mo- 
tion, place, or figure, as in Natural Philosophy. 

12. But what are the particles of matter? Has any one 
ever seen them? Can we take any one out from any mass of 
matter, and examine it by itself? Man has not hitherto been 
able to answer the former question, nor has he powers of vision 
sufficiently acute, nor instruments sufficiently delicate, to enable 
him to pick out a particle from any mass of matter, and show 
it by itself. The particles referred to here are not small por- 
tions such as would be termed particles in ordinary language, 
but the minutest portions which it would be possible to obtain 
were the subdivision of these ordinary particles carried to the 
greatest extent of which they are susceptible. The progress of 
Chemistry has pointed out a series of facts connected with the 
proportions in which bodies combine, which have led univer- 
sally to a belief in the existence of very small particles or 
atoms, by the union of which all masses of matter are com- 
posed.. And so excessively minute are they supposed to be, 
that it is considered as impossible for any one to recognise the 
individual atoms in any mass under. observation, as it would 
be for him to distinguish with the naked eye the various plants, 
shrubs, flowers, and their leaflets, that may cover the face of a 
very distant mountain, however distinct its characteristic out- 
line may appear. They are so minute that they are concealed 
from his imperfect view, though he may see the matter of 
which they are composed. But were he to acquire a more 
powerful vision, he would doubtless see every particle in its 
appropriate place, as palpably as a near inspection would show 
him the shrubs, the flowers, and the leaflets on the mountain. 

13. The atoms, then, which compose masses of matter, may 
de regarded as the more immediate creation of the Deity, the 
masses into which they are now united having been produced 
by the circumstances to which they have been subsequently 
exposed, and the number and nature of those associated together. 
They have unquestionably been created with a view to the 
various purposes to which they have been applied by man ; 
and hence we see, in the most striking point of view, that even 
in all those inventions which man has made, he has still em- 
ployed materials that may be said to have been created for such 
purposes by the Author of Nature. And, in achemical point of 
view, were he able to procure a magnifying glass of sufficient 
power, he might then be able to trace the progress of individual 
particles in all their fluctuating changes, recognising them in 
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all their new and varied forms, however different to the naked 
eye the masses may appear in which they are contained. 

14, Again, these atoms or particles are not considered as 
susceptible of any change, however varied the appearance of a . 
mass of matter may be, owing to the manner in which they 
are grouped together. They may constitute a thin and invi- 
sible gas like the air that we breathe, a dense and ponderous 
solid, a cloud, or a mobile liquid, according to the mode in 
which they are associated with each other. What matter is 
more familiar to us in many different conditions than that 
which constitutes ice, water, steam, and the vesicular vapour of 
which clouds are composed? Neither can they in any: way be 
destroyed by any power that man possesses, or which is known 
to operate at the surface of the globe. They may appear and 
disappear before the naked eye, but they still exist as essentially 
in the thin and invisible gas as in the most ponderous solid. 
Newton well expressed the opinion that is now prevalent when 
he said, that he considered it probable “that the Author of 
Nature in the beginning formed matter in solid, massy, hard, 
impenetrable particles, of such sizes and figures as most con- 
duced to the end for which he created them, and that these 
primitive particles are incomparably harder than any porous 
solids composed of them, so hard as never to wear away or 
break in pieces, no ordinary power being able to divide what 
had been made one in the first creation.” 

15. These are the particles that produce chemical action, 
when different kinds unite together or are separated from one 
another. So small are they, that individually they are invi- 
sible, and yet so countless are the myriads in which they are 
gathered together, that they constitute the air, the earth, the 
ocean, and every thing material that is observed upon the 
globe. So curiously, also, are they constituted, that they never 
change their chemical arrangements without the evolution or 
absorption of heat, light, or electricity. Grand and majestic as 
the great and most imposing phenomena of nature are, still, 
whether we look at the thunder-storm, at the hurricane, or at 
the volcano, it is to the action of countless numbers of the little 
particles that all must be more immediately attributed. 

16. If we turn from the mineral to the vegetable and animal 
kingdoms, there again we shall find the atoms in incessant 
action, modified no doubt by the peculiar apparatus which, in 
one point of view, a tree or the body of an animal may be 
considered, the different structures that are there observed 
being made from the food by a chemical action—from mate- 
rials which were dead, and which, in the progress of time, when 
death takes place, return again to their kindred dust. And if 
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in the productions of the animated world a peculiarity of struc- 
ture be observed, which is never witnessed in the mineral 
kingdom, this arises from the various particles out of which 
they are constructed being presented to each other in the living 
frame, which may be termed, so far as the mere chemical 
relations of the materials composing it come into play, an 
apparatus constructed by the Deity himself, and in which all 
the particles must take that peculiar impress and arrangement 
that depends upon the circumstances in which they meet, just 
as the texture of any fabric or work of art indicates the peculiar 
operation or machinery to which it may have been previously 
subjected. 

17. But in what way is Chemistry useful, and what purposes 
does it serve in the ordinary affairs of life? Chemistry teaches 
the nature and composition of bodies, and many of their most 
important properties which it is desirable for man toknow. It 
teaches him the nature and qualities of the air that he breathes, 
of the water which he drinks, of the food upon which he lives, of 
the apparel with which he is clothed, of the earth upon which 
he treads, and numerous changes of which they are susceptible, 
all conducive to his advantage according to his skill in the 
chemical changes to which they are subject. In short, all 
bodies with which man is acquainted being constantly subject 
to a variety of chemical changes, and in numerous cases pre- 
pared entirely by chemical processes for the purposes to which 
they are applied, no phenomena are more continually forced 
upon his attention in the works of nature, or in the operations. 
of art, than those which arise from chemical action. But on 
other occasions they present characters that are valuable from 
the manner in which they indicate danger, and forewarn him 
of circumstances that might otherwise render him liable to 
injury or death ; as, when the extinction of a burning candle 
by the atmosphere of any old well or pit, informs him that it 
might prove fatal to descend there, the cessation of the chemical 
changes that accompany the burning of the candle, being proof 
that the air in the old well or pit is as unfit for respiration as 
it is for combustion. 

18. Again, Chemistry is a source of unceasing interest from the 
singular nature of the facts which it discloses, and the endless 
purposes to which they may be applied. It has explained the 
composition of air, earth, and water, and examined, under the 
varied action of heat, light, and electricity, the powers and 
properties of different kinds of matter. And how well has 
man been repaid for his toil and labour in such investigations ! 
Thousands of discoveries have lent their aid in advancing the 
tide of civilisation, and in adding to the comforts of life; the 
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true theory of combustion has been unfolded ; and in trying 
the properties of matter by fire, the nature and energies of 
steam have been disclosed ; while the investigation of various 
subjects, in some cases not very promising in their first aspect, 
have afforded the most gratifying results, as in the examination 
of the chemical qualities of smoke, which has given rise to gas- 
lighting, and furnished those products that led to the manu- 
facture of India-rubber cloth and other operations, in which 
numerous establishments are now actively employed. 

19. Among the chemical arts that constantly engage the 
attention of mankind, a glance at a few of the most important 
will at once show the great extent and importance of a know- 
ledge of Chemistry. 

20. Baking, brewing, distilling, and all the operations by which 
food is prepared from the condition in which it is furnished by 
nature, are all in general a series of chemical processes, The 
manufacture of bricks, pottery-ware, porcelain, and glass, of 
mortar and cements, the extraction of metals from their ores, 
and the formation of alloys and amalgams, the operations of 
bleaching, dyeing, and calico-printing, the preparation of soap, 
soda, acids, alkalies, and of a never-ceasing variety of products 
usually termed chemicals, in consequence of their generally 
_ being prepared by those who have some skill in chemical 

processes, are all operations that come under this extensive 
science. 

21. Let us look more minutely to the importance of any one 
of these chemical arts. Take, for example, the manufacture of 
iron :—‘ A piece of iron-ore, in the condition in which it is 
usually met with in this country, presents nothing but a dark 
stony*looking mass, uninteresting to any one unacquainted with 
its composition, and ignorant of the power which Chemistry pos- 
sesses over it. Subject it, however, to the operation of the blast 
furnace, and the metal immediately appears; and how varied 
are the purposes to which it is applied—how many are the forms 
which it may be made to assume! What are the tools with which 
the mason, the smith, and carpenter work—those who contri- 
bute so large a share to the comforts of life in every civilised 

community? Iron is the element of which they are composed ; 
iron is the element by which they are made. What are the 
instruments with which the miner penetrates into the bowels 
of the earth, and acquires dominion over the mineral kingdom ? 
Are not the pick, the axe, and the spade, made of the same 
material? In the hands of the agriculturist, it forms the plough 
and the pruning-hook. With the soldier, it passes into the 
sword, the gun, the pistol, and numerous other instruments of 
attack and defence. But let us turn again, and we see it in the 
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eutting-knife of the surgeon, mitigating, by its severe yet 
wholesome operation, the most dreadful maladies to which 
humanity is subject. Look at it in the steam-boat, contending 
with wind and tide on the ocean ;- and in the steam-coach, see 
how it outstrips the fleetest horses! Look to it in the little 
needle employed in the finest and most delicate embroidery. 
Look again, and you see it in the beam of the mighty steam- 
engine, wielding with its single arm a power superior to the 
united energies of a thousand men. It forms the bolts that 
bind together the timbers of every vessel that leaves our shores, 
each in itself a monument of art, a moving citadel; it forms 
the magnet that guides their path across the trackless ocean, 
and the anchor that stays them in the storm. In many ships 
as they are now constructed, this metal may often be observed 
replacing even the very timbers that are usually employed. 
It forms the ink, and now even the very pen, with which 
we write. In the printing-press it is still more conspicuous, 
assisting in that great engine for the diffusion of knowledge. 
And in the watch-spring, it enables us to count the fleeting 
moments as they pass away. But volumes would be required 
to tell all the purposes to which it is applied; and still we 
cannot forget that it can neither be extracted from the ore, 
nor applied to any of these objects, unless by the powerful aid _ 
of chemical action. And Chemistry abounds with facts such 
as these. 

22. It has indeed thrown a new light on the phenomena of 
nature, and explained a thousand mysterious operations, of 
which formerly we were completely ignorant. Chemistry, 
also, in unveiling the natural operations that are carried on at 
the surface of the globe, has made us acquainted with number- 
less agencies, whose continued action is essentially necessary to 
preserve the order of nature, and affords us a new display of 
that stupendous power and wisdom that commanded order out 
of chaos, and imposed upon every atom powers as necessary to 
the present state of nature, as the regularity of those move- 
ments that keep the mightiest orbs balanced in their spheres, 
so that, amidst incessant changes, no jarring element is allowed 
to disturb the harmony of the whole. There is no science 
which is more admirably adapted to form a pleasing and an 
interesting pursuit., Hie who is acquainted with Chemistry has 
a new key to explain the works of nature; nor can he walk 
abroad without finding in all her operations, and in all the 
products of the.material world, a new source of important and 
interesting instruction.” * . | 

* From the Study of Chemistry, by Dr Reid. See Chambers’s Journal. 
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CHAPTER II. 


GENERAL, OBSERVATIONS ON MATTER AND CHEMICAL ACTION. 


23. Matter is observed at the surface of the globe in four 
very different forms, namely, in the solid, liquid, gaseous, and 
vesicular form. arth, water, air, and clouds, present familiar 
examples of these conditions, 

24. Soiips are particularly distinguished by the comparative 
rigidity of their texture, opposing considerable resistance to 
any attempt that may be made to reduce them into smaller 
parts.. They are in general the heaviest bodies observed at the 
surface of the globe. 

25. Liquips are distinguished by the extreme mobility of 
their particles, these moving upon each other, changing their 
relative position, and producing currents from numerous causes - 
that have no such effect on solids. 

26. Gaszs are thin and attenuated compared with solids and 
liquids, and are still more mobile than water and other liquids. 
Vapours constitute a variety of gases, differing from them, as 
steam differs from atmospheric air, in so far as the one is con- 
densed by cold into water, while the other is not affected in 
this manner by any degree of cold to which it has hitherto 
been exposed. 

27. VEsicuLAR Vapours present matter in a peculiar condi- 
tion, into which many vapours pass, under circumstances which 
have not hitherto been satisfactorily explained. Clouds pre- 
sent a familiar variety of vesicular vapour. 

28. A number of substances are capable of appearing in all 
these forms ; as water, which can be frozen into ice, converted 
into steam by boiling, or made to present the appearance of 
vesicular vapour when the steam is allowed to come in contact 
with the air. Other bodies cannot be made to present such 
changes; but where the texture is not altered or destroyed 
by the application of heat or cold, it is considered that it 
would be possible to cause similar changes in all bodies by the 
action of more intense heat and cold than can be at present 
produced. 

29. In a chemical point of view, all bodies, whether in the 
solid, liquid, gaseous, or vesicular form, are regarded more 
especially as being simple or compound. . 

30. Any matter from which nothing different from itself 
can be obtained is considered simple, and termed an element: 
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thus sulphur is called an element, because, do what we may 
with it, nothing different from sulphur can be procured from 
it. Compounds consist of different kinds of matter which may 
be separated from each other, as salt-water, from which the 
water may be separated by boiling, when the salt is left. 

31. All masses of matter are composed of small particles 
(see par. 12, &c.), and these being considered indivisible, are 
termed atoms. They must be exceedingly small, though their 
exact size is unknown, as a single grain can be divided into 
many millions of parts. To illustrate this :—Put one grain of 
sulphate of iron, which contains only about a fifth part of iron, 
into fifty ounces of water, and add a few drops of a solution of 
the ferrocyanate of potassa. Every portion of the water is 
coloured by the ferrocyanic acid, one of the ingredients in the 
ferrocyanate acting on the iron. A solution of the ferrocyanate 
_ is prepared at once by pouring upon it in powder ten times 

its bulk of water. ce 

32. The particles of a mass of any element are similar to each 
- other, and contain only one kind of matter. But the particles 
of compounds contain two or more dissimilar particles. 

33. Masses of matter are compressible, divisible, and porous, 
but particles are considered incompressible, indivisible (unless 
in the case of compounds), and destitute of porosity. 

34. All particles of matter are subject to the influence of 
heat, light, electricity, and magnetism, and possess also powers 
of attraction and repulsion for matters of the same and also 
of a different kind, according to the circumstances in which 
they are placed. The precise cause of these powers of attrac- 
tion and repulsion is unknown ; all that can as yet be stated 
on this point is the bare fact that matter has been so constituted 
by the Author of Nature. It is well ascertained, however, that 
there is a very intimate connexion between chemical action 
and the development of heat, light, electricity, and magnetism, 
as the particles of matter, in assuming new arrangements in 
chemical operations, often evolve heat, light, and electricity, 
while the latter can always be made by various arrangements 
to develop magnetism in iron. It is also equally known that 
heat, light, electricity, and magnetism, can in their turn pro- 
duce chemical changes, when they are brought to act on the 
particles of matter. 

35. By the action of these powers or forces of attraction and 
repulsion, all changes in the material world are regulated ; 
all bodies, even those that may at one time present a strong 
and unyielding texture, are subject to decay from the separa- 
tion of their individual parts, while new attractions operate 
and cause them to assume new forms. 


14 PRIMARY AND SECONDARY PROPERTIES—CHEMICAL ACTION. 


- 86. In studying the properties of matter, it is important to 
recollect that these are primary and secondary. 

37. The primary properties are observed in all kinds of 
matter. They include extension, impenetrability, inertia, and 
indestructibility. Matter is obviously extended, and it is 
also indestructible by any operations to which it can be sub- 
jected, in the ordinary course of circumstances observed at the 
face of the globe. By impenetrability it is intended to signify 
that no portion of matter can penetrate into the space that is 
occupied by another at the same moment. The term inertia 
refers to the fact that matter cannot of itself begin to move, or 
assume a quiescent state after being put in motion. 

38. The secondary properties of matter constitute those by 
which one kind of matter is distinguished from another ; and 
they include also the power of attraction, and the relation 
which matter bears to heat, light, electricity, and magnetism. 
Of these, the most important is attraction, which is termed 
gravitation when it operates between masses of matter. 

39. All kinds of matter tend to attract each other, mass to 
mass, and particle to particle. When a stone is lifted from the 
ground by the hand, the mechanical effort made by the hand 
overcomes the force with which the stone is attracted by the 
earth and retained at its surface. When it is no longer sup- 
ported by the hand, it falls, or is drawn down to the ground by 
the attractive power of the earth. 

40. Even air is attracted by the earth, and presses upon each 
square inch of its surface with as much force as a weight of © 
14°6 lbs. 

41. When particles of the same kind of matter attract each 
other and unite, a mass having the same properties as these 
particles is formed, and then the term cohesion is used to 
express the power of attraction operating between them. But 
when particles of different kinds of matter unite, the new par- 
ticles thus formed have properties in which they differ. more 
or less from those substances by whose union they. are formed, 
and the term chemical attraction or affinity is then employed. 

42. No substances can act chemically with each other which 
are not mixed together in the most intimate manner. Mixture 
is very different, however, from chemical action; sand and 
water may be mixed intimately together without producing 
any chemiéal change, but if salt and water be mingled together, 
the salt is dissolved by the water, combining with it and disap- 
pearing, while the water acquires a salt, taste. 

43. By heat, light, and electricity, many kinds of chemical ac- 
tion may be effected, which do not take place by mere mixture. 

44, All chemical action consists in combination or decom- 
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position. Combination signifies the union of particles of dif- 
ferent kinds of matter, as when sugar unites with water. By 
decomposition is understood the separation of particles of dit- 
ferent kinds of matter which had previously been united, as 
the separation of salt and water from sea-water. 

45, Soturron.—Suspend a piece of aqueous sulphate of 
copper (common blue vitriol), in thin gauze in a beer-glass or 
glass jar full of water. The particles of both combine, and 
form a stream of blue fiuid, which descends from the points 
where they are in contact. The solid is said to be dissolved. 
The compound is called a solution of the solid. , 

46. Put a piece of an iron hoop, a few inches in length, into 
any glass vessel, cover it with water, and pour upon it aqueous 
sulphuric acid, equal to 1-6th of the bulk of water employed ; 
so powerful is the chemical action exerted, that the particles 
of acid and of oxygen separate all the particles of iron from 
each other and combine with them; the hydrogen, the other 
element of the water, is disengaged in the gaseous form. 

47. Precrprration.—Fill a beer-glass full of water, and 
dissolve in it ten or twelve grains of bichromate of potassa (a 
salt composed of chromic acid and potassa), adding it in 
powder. Dissolve as much acetate of lead (common sugar of- 
lead), consisting of acetic acid and oxide of lead, in another 
‘similar glass with water, filtering the solution obtained, if it 
be turbid. On mixing the solutions, the chromic acid and 
oxide of lead combine, and produce a solid compound which 
falls down, and is said to be precipitated ; the acetic acid and 
potassa unite, and remain in solution. 

48, EFFERVESCENCE.—Put a table-spoonful of carbonate of 
soda (common soda) intoa large beer-glass, cover it with water, 
and pour upon it aqueous sulphuric acid (oil of vitriol) as long 
as gas escapes. ‘The chemical action consists in the union of 
the particles of the sulphuric acid and the particles of the soda, 
and the separation of the carbonic acid, the other ingredient in 
the carbonate of soda; it is expelled with effervescence: this 
term is applied whenever gas escapes rapidly from any liquid. 

49. EvoLurion oF HEAT AND LicHT.—Mix intimately two or 
three grains of chlorate of potassa with an equal weight of 
sugar, and touch the mixture with a glass slip previously dipped 
in aqueous sulphuric acid. Jt causes a compound of chlorine 
and oxygen to escape from the chlorate, which immediately 
inflames the sugar. ; 

50. NEuTRALISATION.—This term denotes the complete loss 
of properties that frequently attends combination. For ex- 
ample : acids render the blue colouring matter of cabbage red, 
while alkalies turn it to a green; but if the acid be combined 
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with the alkali in certain proportions, the blue is not turned 
either red or green. It is not affected at all, and the compound 
is said to he neutral ; the acid and alkali are said to have 
neutralised one another, each having lost the characteristic 
property mentioned. To show this experiment, take two 
glasses containing water tinged with vegetable blue ; and after 
rendering one red by a little sulphuric acid, and the other 
green by common soda, mix small portions of these liquids in 
another glass till the blue colour is restored, by the acid in 
the one combining with the alkali in the other. 

51. Saruration.—This term is employed to- denote the 
largest quantity of one body that can combine with a given 
weight of another ; as when water is said to be saturated with 
salt, or has taken up as large a quantity of any salt as it can 
dissolve. 

52. All bodies do not act chemically with each other; if we 
shake sand and water in a bottle, whenever the agitation ceases 
the sand falls: the water has no chemical action with it. 


CHAPTER III. 


‘ELEMENTS OF WHICH THE GLOBE IS COMPOSED.—CHEMICAL EQUIVA- 
LENTS, NOMENCLATURE, SYMBOLS, DIAGRAMS, THE CHEMICAL 
ABACUS.—GASEOUS ELEMENTS AND COMPOUNDS. 


53. All bodies which unite chemically tend to combine in 
certain fixed or definite proportions. The numbers representing 
these proportions are called chemical equivalents. ‘Thus, one 
pound of hydrogen combines with eight pounds of oxygen: 
1 therefore is the chemical equivalent of hydrogen, and 8 that 
of oxygen. 

54. When bodies unite in more than one proportion, the 
proportion in each successive compound is represented by a 
multiple of that in the first compound, as in the following 
example :— 

f Nitrogen. Oxygen. 


Oxide of Nitrogen, ...142, -+.°8 ==. 229, 
Binoxide of Nitrogen, 142 + 16 = 30:2 
Hyponitrous Acid, . 142 + 24 = 3882 
Nitrous Acid . Br ABS Ss Aimee the | > 4 
Nitric Acid, ° .  . 142 + 40-=-. 849 
Atmospheric Air, . 284 + 8 = 3864 


55. The equivalents of compounds are found by adding the 
equivalents of their elements ; thus, 22.2 is the equivalent of 
oxide of nitrogen, consisting of 8 oxygen and 14°2 nitrogen. | 
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56. The following list comprises the names of the elements 
of which the globe is composed, so far as they are known. 
Before each is placed the symbol by which it 1s represented, 
and after it the chemical equivalent or quantity which the 
symbol indicates. Hydrogen being taken as a standard of 
comparison, the equivalent number of each element is ascer- 
tained by examining that quantity of it which combines with 
a given quantity of hydrogen. Thus, 8 of oxygen combine 
with 1 of hydrogen ; 8, therefore, is the equivalent of oxygen, 
hydrogen being 1. But if any substance do not combine with 
hydrogen, then its equivalent is ascertained by finding out in 
what quantity it combines with the equivalent quantity of any 
other substance which can unite with hydrogen. For instance, 
silver does not combine with hydrogen, but 108°3 of silver 
combine with 8 of oxygen; therefore 108°3 is the equivalent 
number.of silver, for that quantity of silver combines with 8 
of oxygen, which, again, unites with 1 of hydrogen. 


Symb. Name. Equiv. “Symb. Name. Equiv. 
*H) Eydregen,!: 1 Y Ittrium, .' ©. 32°25 
FG Carbon, 2°" 612 Z Zine, oe: aS 
BOQ» sOxyren)! 3) oS As Arsenic, . . 37°7 
ey Berens 7 i4dE Zr Zirconium, . 33°67 
* Wi siNitrop ens) 20.142 K_ Potassium, . 39°2 
*$° Sulphur, oo. .° 264 Sr Strontium, . 438 
*P Phosphorus, . 15°7 Sb Antimony, . 64°6 
*BcBlnorine, . °' 18°7 R Rhodium, . 522 
*Cl Chlorine, . . 35°5 Mo Molybdenum, 47:9 
“*Se Selenium, . 40 Ce Cerium, . . 46 
*Br Bromine,. ° 784 Cd Cadmium, . 55°8 
o¥E s: Todine; .°.) 226° Pd Palladium, . 53°35 
pi. Diliewms: 20 9 2122" Sending se IGG 
L Lithium, . 10 Th Thornum, . 59°6 
Al Aluminum, . 13°7 Ba Barium, . . 686 
Mg Magnesium, 12°7 Bi Bismuth, . . 71°5 
G Glucinum, . 26°5 W Tungsten, . 948 
Ca Calcium, . . 20°5 Pt Platinum, - 98°84 © 
Nav Sodium,” 9. 235" Pb Lead, ..°. 103°7 
Co Cobalt? §. . 29°5 Ag Silver, oh" 108-6 
Ni Nickel, S205 Ta Columbium, 184°8 
Fe trons? 28.20 628 Hg Mercury, . 203 
Mn Manganese, 27°7 Au’ Gold, © 2,5 “200 
Cr Chromium, §.:2819 || -U Uranium, . 2172 
Ir Iridium, . . 983 Os Osmium, . 99°7 
Cu Copper, . . 31°7? V Vanadium, . 68°5 
Te"Fitantum, '. /! 23° ta’ Lantenreins | fe 


Te Tellurium, . 64:2 
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57. The elements are arranged in this list in the order or 
sequence in which their properties, so far as they are enume- 
rated in this treatise, can be most successfully studied. 

58. ‘The term supporter of combustion is often applied to 
oxygen, chlorine, iodine, and bromine, because many bodies 
burn with great facility when brought in contact with them in 
the gaseous state. 

59. Hydrogen, sulphur, phosphorus, carbon, boron, and 
many metals, are termed inflammables, as they are so easily 
inflamed. ‘These two terms, however, inflammables and sup- 
porters of combustion, are used in a less specifie sense than 
formerly, as it has been found that two inflammables often 
give out heat and light during combination, so that in this case 
the one would require to be considered a supporter of combus- 
tion, and the other an inflammable. All the elements are con- 
sidered as metals, except those marked with an asterisk. Many 
are of opinion that silicum ought to be classed with the non- 
metallic bodies. 

60. The names of elements and other chemical terms are 
generally derived from Greek or Latin words expressive of 
some leading character of the substance indicated. In some 
cases they have been used: from the most remote antiquity, or 
have been applied from circumstances altogether accidental. 

61. In the systematic nomenclature of modern Chemistry, 
however defective it still may be, from the difficulty of chang- 
ing names that have long been familiar, it is always considered 
desirable that the names of compounds should indicate their 
composition, the proportion of the respective elements, and their 
class or order ; but in the great majority of cases, these objects 
are as yet only very imperfectly attained, as exemplified in the 
terms in daily use. 

62. When the same elements, united in the same proportions, 
_ but in different modes, produce different compounds, in the 
same manner as a builder can produce different structures with 
bricks of the same form, such compounds are termed isomeric, 
from Greek terms signifying the same parts. | 

63. Proximate principle is a term applied to a compound, 
such as forms a part of a still more complicated compound. 

64, Binary, ternary, quaternary compounds, &c., indicate the 
number of elements or proximate principles in a compound. 

65. The names of binary compounds of oxygen, chlorine, 
iodine, bromine, and fluorine, when not acid, terminate in ide, 
as oxide of lead, chloride of mercury. | 

66. In binary compounds of other bodies, not acid, the name 
~ terminates in uret, as sulphuret of iron, hydruret of carbon.’ 
67. The number of equivalents in the first element or proxi- 
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mate principle named in a compound, is indicated by a Latin 
numeral; as bis, ter, quater (or quadro), in binoxide of mer- 
cury, terchloride of gold, quadroxide of chlorine. 

68. Greek numerals, dis, tris, tetrakis, indicate the number 
of equivalents in the second element or proximate principle, as 
in dinoxide of lead. 

69. Acids form a numerous class of compounds, which usually | 
have a sour taste, redden the vegetable blues, and lose their 
characteristic properties when they combine with alkalies, 
earths, and other substances. 

70. Oxacids consist of oxygen and other elements. 

71. Hydracids consist of hydrogen and other elements. 

72. A termination in ic indicates an acid with much oxygen, 
as sulphuric acid ; a termination in ous indicates an acid with 
less, as sulphurous acid. 

73. Aqueous is a term now coming into very general use, 
instead of hydrate, to express the presence of water. 

74. The term salt'is applied to numerous compounds, con- 
sisting of acids and oxides, and has been lately extended to 
many varieties of compounds differently constituted, and con- 
taining neither acids nor oxides. A salifiable base is a term 
applied to alkalies, earths, metallic oxides, and various sub- 
stances which can form salts by combining with acids and other 
bodies. 

75. The names of salts are composed of the names of their 
component parts. . 

76. ate is the terminating syllable given in such cases to the 
name of an acid ending in ic, as in sulphate of potassa, composed 
of sulphuric acid and potassa. 

77. ite is the terminating syllable when the name of the acid 
ends in ous, as in sulphite of potassa, which consists of sul- 
phurous acid and potassa. | 

78. A supersait indicates that the properties of the acid pre- 
dominate, without reference to its composition, as in the super- 
tartrate of potassa. : 

79. A subsalt indicates that the qualities of the base predo- 
mminate, as in the sub-borate of soda. 

80. A neutral salt expresses that the compound has none of 
the characteristic properties either of the acid or base, as in the 
sulphate of potassa: the term neutral is often omitted. 

81. Haloid salts are compounds of chlorine, iodine, bromine, 
or fluorine, with metals. 

82. Oxysalts consist of two compounds united together, in 
both of which oxygen forms a component part. 

_. 88, Sulphosalts are similarly constituted, the oxygen being 
in them replaced by sulphur. 


20 CHEMICAL SYMBOLS. 


84, All who wish to become familiar with chemistry ought 
to study the symbols of the most important elements. The 
manner of writing symbols is easily understood after a little 
practice ; and if they be frequently used, they will facilitate 
as much the explanation of chemical action as the use of figures 
has simplified the operations of arithmetic. The following 
rules are to be carefully observed :— 

85. The sign = is used to signify the. the substances placed 
before it can produce, or can be resolved into, those placed 
after it. ; 

86. Each dot prefixed to a symbol indicates 1 equivalent of 
oxygen. <A dot is frequently used instead of O for oxygen. 

87. Compounds are represented by the symbols of their 
elements. Ske = Sulphuret of Iron, is composed of sulphur 
and iron. 

88. A figure prefixed to any symbol or symbols multiplies 
all that follow, unless a new sign intervene; thus, 2°H:S = 
2°;H+2:S. A small figure placed after any symbol indicates 
that it alone is to be multiplied ; it does not refer to any other 
symbol, thus: H2C = 2H-+C. 

89. Brackets are often used in representing complicated ° 
combinations ; for example, [2HC?N-+C?NFe]+2°K = Fer- 
rocyanic Acid + 2 potassa. A figure prefixed to any symbols 
placed between brackets multiplies them all, whether signs 
intervene or not: 2[2:S-+"K ] = 4:8+2°K. 

90. In the symbolic and diagrammatic illustrations & is 
used to signify a substance added to another, but + is placed 
between substances already in combination. Thus, :‘S&°K 
signifies that sulphuric acid is to be added to potassa; but 
:S-++'K means sulphate of potassa, or sulphuric acid already 
combined with potassa, 

91. Many vegetable acids are represented most conveniently 
by italic capitals, adding some succeeding letter where more 
than one have the same initial letter : 

A. Acetic, Ct. Citric, P. Prussic, 
B. Benzoic, G. Gallic, T. Tartaric. 

92. All cases of chemical action represented symbolically 
should be extended on a slip of paper (or on a diagram board 
by the teacher) in the following manner, so as to enable the 
student to become familiar with the changes which take place. 
This mode of illustration has been proposed as being better 
suited to the present state of the science than the diagrams 
formerly used. 

93. To the left place the names or symbols of the substances 
employed. Arrange, in the next place, the names of the com- 
ponent parts under each other, or of the different matters that , 
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are separated as the action proceeds. Lines traced from these, 
and uniting in a point, indicate those materials which combine. 
The lines are dotted when the products are gaseous, composed 
of smaller lines where they are liquid, and plain where they 
indicate the production or separation of any solid substance. 
94. For example, the nitrate of ammonia is a compound of 
nitric acid and ammonia. Nitric acid contains five particles of 
oxygen and one of nitrogen, and ammonia consists of one par- 
ticle of nitrogen and three of hydrogen. The weight of a 
particle of oxygen is 8, of nitrogen 14°2, that of hydrogen being 
1. But when nitrate of ammonia is subjected to heat, all 
these particles take a new arrangement ; two particles of oxygen 
with the two of nitrogen produce two particles of oxide of 
nitrogen, the three remaining particles taking the three of 
hydrogen. All these circumstances are rendered more dis- 
tinct by the diagram, the nitric acid and ammonia being repre- 
sented towards the extreme left ; then the number of particles 
in each compound and their relative weights. The lines 
proceeding from these indicate the new arrangement, those 
that coalesce pointing out the new products that are formed. 


Decomposition of Nitrate of Ammonia.—Fig. 1. 


Before decomposition. Products. 
Orrell 222 Oxide of N. 
Osysen “8 i 222 Oxide of N. 
si { Nitric Acid { Oxygen 8 , Bae 
oe 54:2 | Osteen ES oe f 
A Oxygen 8 SX 
ae Nitrogen 14°242\%,_ 
ES a Nitrogen 14°27 “\\O\ 
4 & | Ammonia ) Hydrogenl -----\XA9 Water. 
ae Ligh be Hydrogen] -------- S<9 Water. . 
Hydrogen 1 --—---—---->9 Water. 


Symb. ::N-+-NH3 = 2-N&3H. 

95. In studying the composition of compounds, the chemical 
abacus will be found very useful. 

96. It consists merely of the common abacus so much em- 
ployed by the ancients, and still used in different foreign cities, 
symbols representing elementary or compound bodies being 
placed along the side, as shown in fig. 2. _ 

97. When the abacus is used, the beads are placed to the 
right, if intended to represent elements, and to the left when 
they represent compounds. The figure shows it arranged in 
the former manner, and six beads separated from the rest to 
illustrate the composition of alcohol. In I. they are all sup- 

‘posed to be united together; II. represents the same beads 
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disposed so as to represent the formation of two particles of 
hydruret of carbon (2 and 3) and one of water (4); III. shows 
another arrangement of the same elements, namely, bihydruret 
of carbon (5), water (6), and carbon (7). The student may 
procure a chemical abacus for sixpence ora shilling, or he may 


Fig. 2. 


make one for himself by stringing a few glass beads upon wire 
fixed in a wooden frame ; he should practise frequently with 
it, till he becomes familiar with the various changes of which 
the most important compounds are susceptible, whether de- 
composed with or without the addition of other substances.* 
98. In examining the composition and properties of many 
compounds containing gases, it is necessary to become ac- 
quainted with the bulk which their elements occupy as well 
as their weight. The following table should be frequently 


* The use of the abacus for the above purpose, was suggested on observing the 
facility with which many calculations were made with it in places where it is 
in daily use, and from. the conviction that it will contribute greatly to facilitate 
the acquisition of a more precise knowledge of chemical changes. 
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referred to, as it shows the composition by weight and by 
measure of the most important gaseous compounds, 

The first column contains the names of different elements and 
compounds. 

The second column contains the bulk or measure of the 
weight referred to in the succeeding column, hydrogen being 
taken as a standard of comparison. The square figure repre- 
‘sents a whole measure, and the others indicate proportional 
quantities. Thus, in reading the sixth line, we say, Water in 
the gaseous state (steam) is represented by one measure, its 
equivalent weight is 9, and its symbol is OH. 

The third column contains the weight of an equivalent 
quantity of each substance represented. 

The fourth column contains the symbols of the elements 
and compounds represented in the preceding columns. 


Equiva- | Equiva- 
Gases and Vapours. lents by | lents by | Symbol. 
bulk. weight. 


Oxygen (half a measure),............... a 8 O 
Sulphur (a third of a measure),....... ene oe | S 
Phosphorus (half a measure),.......... doe big 


5 
Hydruret of Carbon (halfa measure),} vs HC | 
Hydrogen (a whole measure).,..........) 0 1 


Nitrogen, 
Oxide of Nitrogen, 
Carbon (hypothetical), 
Carbonic Oxide, 
Carbonic Acid, 
Bihydruret of Carbon, 
Cyanogen, 
Sulphurous Acid,....... reget a lA aR a 
| Sulphuric Acid (anhydrous), 
Hydrosulphuric Acid, 
Chlorine, 
Todine, 
BYOniine sau aukdecincwsscsededes coud. ss 
Binoxide of Nitrogen (2 measures), .. 
Ammonia, ' to 
Hydrocyanic Acid, . 27°44 | HC2N 
Hydrochloric Acid, Col | 865 HCl 
Hydriodic Acid, 127°5 HI 
Hydrobromic Acid, | 794 | HBr 


Sees 
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CHAPTER IV. 


CRYSTALLISATION. 


99. In many chemical operations, bodies are often procured: 


in regular symmetrical forms, termed crystals ; and the process 
by which they are formed is called crystallisation. Crystals 
are generally procured in one of the following modes :— 

I. By melting solids, or converting them into vapour by the 
application of heat, allowing them to return slowly to the solid 
form. 

II. By slow deposition from fluids in which they have been 
dissolved. 

100. Before crystallisation can take place, the particles of 
the matter to be crystallised must have free liberty of motion, 
and the attraction that formerly bound them in a solid mass 
being now permitted slowly to resume its force, they gradually 
attract each other by those extremities, sides, or angles, which 
determine the production of regular figures, according to the 
relations or tendencies with which they have been created by 
the Author of Nature. Heat, or the action of a solvent, is 
required in the first instance to give that freedom of motion 
which is essential to crystallisation ; and when their influence 
is slowly withdrawn, the particles have time and opportunity 
to assume that position which develops crystals, 

101. If the action of the heat, or of the solvent, be suspended 
suddenly, the particles resume the solid form indiscriminately ; 
and however regular the form of each may be, still, from the 
want of a regularity in their aggregation, nothing but an 
amorphous mass is observed. 

102. The first portion that becomes solid in the process of 
crystallisation, draws other particles successively to it ; these 
do not fall indiscriminately upon each other, but attach them- 
selves by one part rather than by another to those already 
deposited, according to properties communicated to them when 
they were originally formed. The extremities of the particles 
are considered to draw to each other exactly in the same way 
as a suspended magnetic needle points to the north and south, 
while it refuses to turn in any other direction. * 

103. Of late years, numerous cases have been pointed out 
where the form of solids has been changed, without inducing 
fluidity previously either by heat or other means. If the 
yellow binoxide of mercury be touched by any hard substance, 
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a creeping motion is observed among its particles; they assume 
a new arrangement, and the colour is changed to bright scarlet. 
In sulphur and many salts at ordinary temperatures, and in 
iron and other substances at a high temperature, similar changes. 
have been observed ; and even in masses of particles merely 
mechanically mixed with each other in the first instance, a 
crystalline arrangement is often subsequently developed. 

104. In such cases, crystallisation may sometimes be attri- 
buted to the alternate action of various temperatures, such as 
occur in the atmosphere at the surface of the earth ; and these, 
by favouring expansions and contractions, give the particles 
in the small contiguous masses an imperfect opportunity of 
cohering together. In other cases, moisture, or an electrical 
action, has been supposed to induce the change that takes 

lace. 

% 105. The minute particles, or atoms of matter, are all con- 
sidered to have fixed and definite forms, so that, were a suffi- 
ciently powerful magnifying glass constructed, it is considered 
that these would be distinctly seen, whatever might be the 
nature of the substance examined. In all crystals a nucleus is 
observed, which is often very different from the external form 
of the crystal. It is obvious that crystals of the same kind of 
matter may be obtained in a great variety of forms, according 
to the manner in which the particles are disposed upon each 
other, in the same manner as a builder can produce a vast 
variety of architectural figures with bricks of the same size 
and shape, according to the manner in which he arranges them. 
Several hundred varieties of crystals of carbonate of lime have 
been pointed out ; but if any of these be broken with a gentle 
blow, -so that the different lamine may separate, innumerable 
fragments of a rhomboidal form are obtained, and no other 
shape is presented. 

106. A number of groups of different substances have been 
pointed out, the forms of whose particles are considered to be 
similar, They are said to be isomorphous, and ‘when they 
combine with different portions of the same body, the forms of 
the crystals of the new compounds are also isomorphous. 

107. Crystallisation is observed in all the products of the 
mineral kingdom, where they have not been ground down by 
a rude mechanical force, or separated in the first instance in 
particles too minute to admit of their form being recognised. 

108. Melt 2000 grains of sulphur by applying heat cautiously. 
After placing it in a flask, then remove the heat, pour,out half 
of the liquid when the other half has consolidated, and observe 
the crystals of sulphur. 

109. Put alum into 8 or 10 ounces of water at a boiling heat, 
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in a glass or earthen vessel, adding it so long as it is dissolved. 
Allow the liquid to cool; crystals are deposited. Hot liquids 
dissolve more of most substances than those that are cold, and 
if charged when warm with as much of any of them as they 
can dissolve, part is deposited on cooling. 

110. Expose a solution of oxalic acid or glauber salt to the 
air for some days on a shallow plate; the water is in part 
slowly removed, and crystals appear. By reducing these sub- 
stances to powder, and shaking them with water so long as any 
is dissolved, a solution is very quickly procured. : 

111. The state of the air on some occasions has a great in- 
fluence on the crystallisation of salts from watery solutions. 
So well is this known to the manufacturer, that’ the same 
language is in familiar use in many crystallising establishments 
as is adopted by the farmer ; the workmen sometimes looking 
forward to the condition of the atmosphere—particularly where 
many salts are in the same solution, one of which is expected 
to crystallise before the others—with the same anxiety, and 
talking of the crops of epsom or of glauber salts much in the 
same way that the farmer speaks of his crops. 

112. ‘The influence of the air on crystallisation is beautifully 
shown by heating glauber salt in a flask half full of boiling 
water till no more is dissolved, corking the flask when the air 
has been expelled by the steam on boiling the solution, and 
then removing it from the heat. The solution does not ecrys- 
tallise on cooling ; but if the cork be now removed, the 
crystallisation commences as the air enters, extending rapidly 
till a solid crystalline mass is formed. The air operates 
principally by abstracting some of the water of the solution, 
and causing the precipitation of a minute crystal, from which 
the crystallisation proceeds till it ramifies through the whole 
mass. When the weather is warm, and the crystallisation does 
not ensue quickly on taking out the cork, the introduction of 
a small crystal usually determines it immediately. 

113. Heat a tinned iron-plate before the fire, or over a lamp, 

till it is as warm as may be necessary to cause water dropped 
upon it to evaporate quickly with a slight hissing noise. Let 
‘the tin with which the iron is coated be then washed with a 
cloth well moistened with a mixture composed of water 1 
eunce, muriatic acid 1 drachm, and nitric acid 1 drachm. The 
cold fluid causes the hot tin suddenly to assume a crystalline 
form, and as the acids act upon the external particles of the 
tin, and expose those below, the crystalline arrangement is 
beautifully seen. When varnished, it retains its lustre; the 
‘varnish may be coloured of any tint that may be required. 

114, Crystals and other solid substances which attract mois- 
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-ture from the air and become fluid, are said to deliquesce ; those 
that lose moisture under the same circumstances, and assume 
the appearance of a powder, are said to effloresce. 


CHAPTER V. 


HEAT OR CALORIC. 


115. Chemical action being affected powerfully by heat, 
light, and electricity, it is necessary to attend to their influence 
before entering upon the history of individual substances. AIL 
the effects commonly attributed to heat, are produced by its 
entering and attaching itself to the substance affected, while 
those which are said to be caused by cold, arise in reality from 
a portion of heat leaving those substances with which it has 
been associated. In common language, the term heat is em- 
ployed in two ways, indicating either the sensation of warmth, 
or the cause of that sensation and of such other effects as are 

attributed to it. The term caloric was introduced to signify 
the matter or power of heat alone. 

116. No agent is more universal in its influence on matter 
than caloric. There is nothing in this globe that we can see or 
touch that does not contain it. Were caloric withdrawn en- 
tirely from matter, it is impossible to conjecture what appear- 
ance it would present, but even with a more moderate reduction 
in its amount, the whole ocean would be changed into ice, and 
universal death would ensue both in the animal and vegetable 
kingdoms. On the other hand, were its intensity greatiy in- 
creased, destruction would equally attend animal and vegetable 
life, the whole ocean might be dissipated in vapour, and even 
the solid matters that compose the earth might be volatilised 
by its powerful agency. There is nothing, however, whose 
precise relation to the minute particles or atoms that compose 
masses of matter is more imperfectly understood ; and whether 
it pass from the sun to the earth, from the open fire to the 
human frame, from the furnace of intense heat to the materials 
used in the operations of art, or be developed in a more subtle 
form by the various changes in matter that accompany a living 
action in the bodies of animals or in plants, still no clue has 
been obtained as to the manner in which it is associated with 
their minute particles. 

117. Caloric not only induces a vast variety of modifications 
in the properties of individual substances, according to the pro- 
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portions in which it is communicated to them, but is also dis- 
tinguished by certain general effects which it produces, more 
especially expansion, liquefaction, vaporisation, evaporation, and 
incandescence. . 

118. No one has been able to collect heat and show it by 
itself; it is invisible, has no appreciable weight, and sooner or 
later it can penetrate every thing with which it may be sur- 
rounded. It is known only by its effects, and is considered a 
peculiar fluid, easily thrown into vibratory movements. 

119. Heat tends always to pass from the hotter to the colder 
substance, till both bodies acquire the same condition in this 
respect, when they are said to attain an equilibrium of tempe- 
rature. 

120. The temperature of any substance indicates its dispo- 
sition to communicate heat to, or remove it from, any standard 
of comparison ; if the temperature of the body be taken asa 
standard of comparison, those substances at a higher tempera- 
ture communicate heat.to it, while those at a lower temperature 
remove heat from it. 


EFFECTS OF HEAT. 


121. Expanston.—Bodies, with few exceptions, are expanded 
by heat ; gases expand most, liquids come next, and solids last 
of all. When heated from 32° to 212°, air expands 3-8ths of its 
volume, alcohol 1-9th, water 1-22d, and hammered iron 1-273d. 

122. Measure the length of a cold iron rod or bar; heat it 
to redness, and it will be found longer. 

123, Fill a long narrow-necked flask nearly full of alcohol, 
and put it into boiling water; the alcohol as it expands rises 
in the neck of the flask. 

124. Pour boiling water upon the same flask full of air, after 
inverting it in water (it may be sup- Fig. 3. 
ported or steadied in this position by a 
ring of the retort stand); part of the 
expanded air is expelled ; and water is 
forced back by the pressure of the air 
to supply its place, when it again be- 
- comes cold. 

125. Excrerrions.—Water contracts 
as it is heated from 32°to 393°. Many 
solids contract as they are melted by 
heat, expanding again as they become = 

_solid—as ice, iron, antimony, bismuth, and many salts. _ 

126. The communication of heat causes expansion to take 
place with great force ; iron-bars, for instance, often cause rents 
in furnaces as they expand, A tough solid, such as izon, con- 
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tracts with great force on cooling. Water, and other melted 
solids, expand with great power as they become solid, bursting 
the vessels containing them when they are not allowed to 
escape in part by any aperture. A phial full of water, and 
corked tightly, bursts as it is frozen. 

127. The common “ thermometer” contains a fluid which 
indicates the communication of heat, by expanding Fig. 4. 
‘and rising in the stem, and the removal of heat (cold) 
by contracting and ‘descending. Thermometers are 
graduated, and made to correspond with each other by 
observing the different points to which the fluid rises 
in freezing water and in boiling water ; the space be- 
tween these is in this country usually divided into 180 
parts, 82 being placed opposite the point where the 
water freezes, and 212 opposite the point where the 
fluid stands when the water boils. Similar spaces are 
marked off upon the stem above and below these 
points, and numbered accordingly. It was at one time 
imagined that the greatest cold could make the fluid 
fall only 32 such spaces below the freezing-point, the 
place to which it then fell being termed zero, and the 
notation commencing there. But much greater de- 
grees of cold exist at different parts of the globe in 
winter, and may be produced artificially, so that the 
fluid in the stem of the thermometer often descends 
below that point, and is then said to be at so many 
degrees below zero. Thus, 52 degrees below the freez- 
ing-point, or 20 degrees below zero, is usually writ- 
ten — 20°. 

128. Liqurracrion.—Heat is considered to be the 
cause of liquefaction, melting all solids which it does 
not previously decompose. When any solid melts, 
much heat is required to effect this change in its form 
after it arrives at the melting-point. Pour some boil- 
ing water upon ice at 32 degrees ; the ice melts rapidly, 
but the water produced is no warmer than the ice ; 
the heat is consumed in melting the ice, and is said to 
become Jatent, as it does not affect the thermometer. 
Pour boiling water upon ice-cold water, and the temperature 
is immediately increased. 

129. When a fluid becomes solid, it gives out without cool- 
ing the heat which had rendered it fluid; the change proceeds 
slowly, as so large a quantity of heat must be withdrawn. As 
much heat is required to melt ice as would raise the tempera- 
ture of an equal weight of ice-cold water by 140 degrees ; it 
melts, accordingly, with extreme slowness. Were no heat to 
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become latent as snow and ice melt, they would liquefy with 
great rapidity, and produce inundations that would in many 
places be altogether destructive of animal and vegetable life. 
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CHAPTER VI. 


-VAPORISATION.— SPONTANEOUS EVAPORATION, &e. 


130. The term vapour is applied chemically to all thin, 
attenuated, and gaseous substantes, such as can be formed by 
the action of heat on solids and liquids, and can be restored 
again to the liquid or solid form by withdrawing the heat 


communicated to them. 


131. Gas is a term applied to matters such as air, equally 
thin and attenuated as vapours, but not met with in a con- 
densed form under ordinary circumstances, and not capable of 
being réduced to the liquid or solid form, except by such in- 
tense cold or extreme pressure, that only part of them have as 
yet been brought to these conditions. They are considered as 
vapours requiring a temperature for condensation so low that 
many have never yet been seen in the liquid form. The air 
we breathe is thus considered to bear the same relation to a 
peculiar liquid and solid not yet discovered, that steam does to 
water and ice. It is the steam of a solid that no one has yet 
seen, but which even at ordinary temperatures is far beyond 
the point at which, were it previously liquefied, it would boil 
and disappear in vapour. Sulphurous acid gas may be lique- 
fied by a very moderate cold, namely, 14 degrees of Fahren- 
heit. The most interesting experiments on the liquefaction of 
gases have been made with the carbonic acid gas. When large 
quantities of the liquefied gas are allowed to escape from an 
appropriate apparatus, intense cold is produced, and one por- 
tion is frozen by the cold developed as the other evaporates. 
The frozen carbonic acid is a white solid as light as snow. 


Though reduced to a temperature of — 180°, it may be put 


into the mouth without injury, producing a very peculiar sen- 
sation, as it has the sharpness of ginger-beer, without moisture 
or any peculiar flavour, feels perfectly dry, and passes at once 
from the solid to the gaseous form. Were it capable of ab- 
stracting heat more perfectly, as mercury or other metals, it 
could not be brought near the skin or mouth without injury. 
132. There are a number of gases, all differing more or less 
from each other, in the same manner as different solids or 
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liquids ; and, according to the opinion now universally enter- 
tained, they may be regarded as solids which have been melted, 
evaporated, and heated beyond their boiling-point. 

133. The temperature at which different liquids boil is very 
various, as well as the density of the vapour, and the amount 
of heat required to produce it ; water, however, may be taken 
as an example to illustrate the general nature of the process of 
vaporisation. 

134. Vaporisation signifies the rapid production of a thin 
vapour, as when water is boiled and produces steam. 

135. Water boils at 212 degrees, and does not become warmer 
as it boils, the heat applied being consumed in producing a 
change of form. Hence, it is not economical to boil any sub- 
stance quickly which may only require exposure to a boiling 
temperature, as all the heat that may be consumed in produc- 
ing the vapour must cause an wnnecessary expenditure of fuel. — 

136. Put a thermometer into water, mark where the fluid 
stands in the stem as the water boils, and observe that it rises 
no higher, however long the boiling may be continued. , . 

137. As much heat is required to produce steam from boil- 
ing water, as would elevate the temperature of an equal weight 
of boiling water by 1000 degrees,* were it still to remain fluid. 
Steam, though it contains so much heat, is always at the same 
temperature as the water from which it rises, the caloric that 
produces it being engaged as it were in sustaining the change 
of form induced in the water, without being able to produce 
any increase in the temperature. ‘The heat that produces the 
steam is said to become latent as in the liquefaction of solids. 

_ 188. Steam is transparent, colourless, and invisible, like the 
air, The white cloudy-looking matter usually called steam, is 
moisture produced by the condensation of steam. Steam. occu- 
pies 1696 times as much space as an equal weight of water, and 
as it expands with great force, it often bursts and destroys ves- 
sels in which it is confined. When the power with which it 
expands is carefully regulated, so as to produce motion in ma- 
_ chinery, it forms the most powerful engine man has invented, 
namely, the steam-engine. 

139. When steam is exposed to cold, it condenses into 
water, giving out all the heat by which it was produced ; and 
hence the large amount of heat it may be made to convey, and 
the severe burn it produces when condensed on any part of the 
body. 

140, Boil a small quantity of water in the flask represented 


_. * Different estimates have been given of the precise amount of heat that becomes 
- latent during yaporisation, some exceeding and others being less than the amount 
stated. > ; : 
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in fig. 8; put in a cork when the air is expelled, and open the 
flask cautiously under water; the steam, which previously 
nearly filled the flask, being suddenly condensed, the pressure 
of the air forces up water to supply its place. 

141. Water boils at a lower temperature than 212 degrees, 
when the air is not allowed to press upon it; fill the flask 
already alluded to (fig. 3) one-half full of water, boil it 
briskly, and cork it while the steam is escaping, removing the 
heat immediately. The cold air condenses the steam, the cork 
prevents the air from entering, and the water thus relieved from 
pressure begins to boil, the heat already in it being sufficient 
for that purpose. Put the flask into cold water; the ebullition 
then increases, the steam being still more effectually condensed. 
Put the flask into boiling water, the steam being no longer 
condensed presses upon the water, and prevents it from boiling. 
- 142. If steam be not allowed to escape, and heat be conti- 
nually applied by the fire, a higher and higher temperature is 
required to make the water boil, and the steam formed acquires 
more and more power, each successive portion compressing 
much of what had been already formed. It is then called 
high-pressure steam, as it presses upon the sides of the boiler 
with great force. Boilers in which such steam is produced 
ought always to be provided with valves which the steam can 
push open, and by which it may escape before it becomes strong 
enough to burst the boiler. 

143. It is a curious circumstance that steam always contains 
the same amount of heat, whatever be the temperature at which 
it is formed ; the latent heat required for its production being 
less and less as the temperature at. which it is formed is increased 
by preventing its escape. 

144. The greater the pressure to which water or any other 
liquid may be exposed, the more elevated is the temperature. 
required to produce vapour, the more dense is the vapour 
formed, and the greater is its explosive or moving power. 

145. Fig. 5 is a section of part of a boiler where the safety- 
valve is placed, the valve being loaded with a weight which 
the steam can raise before it acquires strength to burst the 
boiler. In examining the construction of boilers, the different 
parts noted in fig. 6 should be attended to: a, b, the body of 
the boiler, filled with water and steam; c, a pipe by which 
water is forced into the boiler; d, the steam-pipe ; e, a glass 
tube or gauge placed so that the steam and water can enter 
freely into it, the water being always at the same height in it 
as in the interior of the boiler; f, g, two pipes placed so that 
the quantity of water in the boiler may be ascertained, when 
the glass tube is not used ; if water come from both, on open- 
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ing the stopcocks, and when there is abundance of steam in 
the interior of the boiler, there is too much water, and if steam 
be disengaged from both, then there is too little; the boiler 


Fig. 5. Fig. 6. 


should be charged so that one gives steam and the other water, 
the level of the water in the boiler being between the extre- 
mities of the tubes within the boiler ; m, a thermometer, indi- 
cates the temperature in an iron tube containing mereury. 
146. Distillation consists in the production of anes by heat, 
which is afterwards condensed. Fig. 
The vessel in which the vapour is 
produced is called a retort ; that in 
which the condensed vapour is col- 
lected must be kept cold, surround- 
ing it with acloth, and moistening 
it with water; it is termed a 7e- 
ceiver. Fig. 7 represents a retort and a receiver. 
147. When a large quantity of fluid is to be distilled, it is 
introduced into a vessel called a still (fig. 8), the pipe from it 
_ leading to a vessel termed the refrigeratory, as it is filled with 
cold water; the vapour is condensed in the coiled pipe, or 
"worm, as it is often called, and escapes through it into a receiver 
placed below it. 


148. Spontaneous evaporation is the term usually employed 
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when vapour is produced slowly from a fluid, and without 
ebullition, as when water disappears from any moist surface. 
Water evaporates in large quan- Fig. 8. 


tity from the surface of the ; 
ocean, and from the earth also, b 
eventually producing the clouds, 2 


or condensing in the form of 
rain and dew. Snow is formed |: / 
when the vapour is frozen at |i f 
once, and hail when rain is first 
produced, and then congealed 
by the cold. 

149. Evaporation is always 
accompanied by the production 
of cold, when no heat is directly 
applied ; the heat necessary for ‘ 
the production of the vapour is then derived from surrounding 
objects, and from part of the liquor evaporated. 


150. Pour some ether, or any other volatile fluid, on the back | 


of the hand; great cold is perceived as it evaporates. If we 
blow upon it, the vapour resting on the surface is rapidly re- 
moved, evaporation proceeds more quickly, and a more intense 
degree of cold is produced. 

151. Evaporation proceeds more and more quickly the higher 
the temperature ; the greater the extent over which the eva- 
porating fluid is spread, the less the pressure of the air, and the 
nearer the evaporating substance approaches the boiling point. 
At the summit of high mountains, where the pressure of the 
air is less than at the surface of the earth, water boils at a lower 
temperature than 212 degrees ; it is there above a large portion 
of the air which presses upon the surface of less elevated 
regions. 

152. A current of air, when not loaded with moisture, pro- 


motes evaporation ; hence the rapidity with which a wet sur- | 


face generally dries on a windy day, the vapour resting upon 
it being pushed away, and a new portion rapidly formed. 

153. Moisture is separated from the air in which it is diffused, 
‘by a reduction of temperature. Sometimes it forms innumer- 
able small vesicles ; the mode of their production is not known. 
When they are associated together in large quantities, they 
produce clouds. The water evaporated from the surface of the 
ocean, &c., being purified from the materials with which it 


may have been mixed at the surface of the earth, and falling . 


down afterwards in the form of rain, hail, snow, dew, or hoar- 
frost, becomes fitted for the various purposes for which it is so 
necessary in the animal and vegetable kingdoms, . 
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- 154. Instruments for determining the amount of moisture in 
the air have been invented; they are usually termed hygro- 
meters. 

155. The nearer the equator, the greater the annual fall of 
rain, and the less the number of rainy days. At Granada, 12 
north lat., the rain which falls annually would cover the sur- 
face to the depth of 126 inches, were it all to be deposited at. 
the same time. In this country, it is calculated that the annual 
fall of rain would, on an average, cover the surface to the depth 
of 32 inches. 


EXOSMIC AND ENDOSMIC MOVEMENTS.—DIFFUSION OF GASES. 


156. All bodies brought into close contact generally produce: 
A mechanical intermixture, 
A mechanical adhesion, or 
A chemical union. 

157. One of the most important kinds of intermixture hitherto. 
noticed, is that which takes places in fluids of different qualities. 
approximated to each other so as to come into actual contact 
when they begin to act, if they have any chemical attraction 
for each other, even if membrane or any porous substance be 
interposed, provided it be moistened with one of them. A 
variety of circumstances determine the currents, more particu- 
larly the permeability of the interposed fibre, membrane, or 
porous cup, the movement taking place most largely from the 
liquid to which the porous structure is most permeable, 

158. The movement produced in this manner appears to de- 
pend principally upon the attraction exerted between the par- 
ticles of the different fluids employed, as they meet in the 
porous membrane. When the movement proceeds from the 
interior of any cavity, it is termed ewosmosis. But the move- 
ment of the other fluid inwards is termed endosmosis ; a portion 
of one always enters as a part of the other presses outwards. 

159. The diffusion of gases is an action similar in some re- 
spects, but very different in others. It consists in the gradual 
intermixture of gases, in a proportion bearing a relation to 
their specific gravity, when they are placed in communication 
_ with each other. This operation, as in the case of fluids, often 
takes place with great force, the vessels bursting where the 
action advances most rapidly ; they are made of bladder or 
similar materials. Diffusion takes place not only througn 
porous and membranous solids, but may be often observed in 
situations where water is completely retained, as through a 
cracked glass, or through a tube of glass having the extremity 
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filled with plaster of Paris, air passing freely through these in 
many cases when water cannot pass. 

160. To illustrate the diffusion of gases, procure a glass tube 
12 or 18 inches long, and half an inch or an inch in diameter. 
Obstruct one end with a plug of plaster of Paris about half an 
inch thick ; fill it with hydrogen gas by means of a long nar- 
row tube, through which the hydrogen is introduced from a 
bag or gasometer, holding the tube perpendicularly with the 
plugged extremity uppermost. On withdrawing the internal 
‘tube, and placing the open extremity of the other under water, 
the hydrogen begins to escape so quickly by diffusion from the 
plugged extremity of the tube through the plaster of Paris, 
that the pressure of the atmosphere forces the water up to the 
height of several inches to supply its place ; after a time, how- 
ever, a proportionate quantity of air enters, and the water 
regains its original level. 

161. The diffusion of gases may also be illustrated in a 
very simple manner, by taking a bottle filled pre- Fie. 9, 
viously with hydrogen gas, and another with car- 
bonic acid gas, connecting them together, as repre- 
sented in the figure, and inverting the bottle with 
the hydrogen over the other containing the carbonic 
acid. Notwithstanding the lightness of hydrogen, 
and the heaviness of carbonic acid gas, still, from 
the operation of the diffusive power which has been 
described, part of the light hydrogen descends into 
the lower bottle containing the carbonic acid, while, 
at the same time, a corresponding portion of heavy 
carbonic acid ascends and mixes with the hydrogen 
in the upper bottle. 

162. IncanpEscENcE.—AI] solids and fluids which 
are not converted into vapour at a less elevated tem- 
perature, become luminous when heated to 800 
degrees in the dark, or when heated to about 1000 
degrees in daylight. A red light appears at first, 
and gradually passes to a white as the temperature 
increases. ‘This is observed equally in combustible solids, as 
charcoal, and in stony or other matters which do not burn ; 
they are then said to be in a state of ignition when they are 
red hot, and incandescent when they are at a white heat. 
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CHAPTER VII. 


COMMUNICATION OF HEAT. 


163. Caloric is communicated by conduction and radiation. 

164, When caloric passes slowly from one portion of matter 
to another in contact with it, it is said to be conducted, and the 
process is termed the conduction of caloric. Metals are the best 
conductors, then liquids, and lastly gases. Gold, silver, and 
copper, are the best conductors among solids; glass, bricks, and 
many stony substances, are very bad conductors; and porous 
spongy solids, as charcoal, hair, and fur, are the worst. 

165. Put one end of an iron rod in the fire; the heat soon 
passes to it, and along its particles to some distance from the 
fire. Put a glass tube, or piece of wood of the same size as the 
iron, into the same part of the fire; the heat extends a very 
little way beyond the part touching the fire, both these sub- 
stances being bad conductors. 

166. Many of the more familiar phenomena of nature and of 
art depend upon the conducting power of different bodies. 
Thus, iron and cotton, if cooled to the same temperature below 
that of the body, do not affect it equally when applied to it ; 
the iron produces the strongest impression, as it conducts the 
heat most rapidly away. Again, if they be raised to a high 
temperature, the iron still produces the strongest sensation, 
communicating heat most rapidly. In short, the good conductor 
always produces the greatest effect, either by communicating 
heat more freely than the cotton or by removing it. — 

167. Clothing is generally made of bad conductors, that the 
heat of the body may not be conducted quickly to the sur- 
rounding air. Furnaces, where great heat is required, are built 
with porous bricks, which are very effectual in preventing the 
escape of heat ; but when a stove is placed in the middle of any 
apartment, the fuel is surrounded with iron, that the heat may 
be quickly conducted to the air. The ice in an ice-house is 
surrounded with bad conductors, to prevent warm air coming 
in contact with it, or transmitting heat to it. 

. 168. When heat is applied to the upper portion of any liquid, 
expansion generally ensues, and it becomes lighter than the 
rest ; it remains, therefore, resting upon the colder and heavier 
part. This may be easily shown by boiling the upper portion 
of water in a long glass tube, applying heat by a spirit-lamp. 
If the heat be applied near the bottom of the tube, fig. 10, the 
colder portion from above soon sinks below the hot expanded 
fluid, and pushes it up, so that currents are continually pro- 
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duced, till the whole fluid is heated to the same point. If the 
water at the bottom of each tube be coloured, that in fig. 10 is 
Fig. 10. Fig. 11. 


soon seen to mingle with the water above it, but the coloured 
water in the other does not move. | 
: Fig. 13. , e 
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represented in fig. 12, the water in contact with the warm glass 
expands, the colder water in the centre descending and pushing 
up the warm water at the sides. 

170. If water be placed in a glass tube bent in the manner 
represented in fig. 13, and the water at the extremities be con- 
nected by another smaller and similar tube, then, on applying 
heat to the lower part of one of the limbs, the water begins to 
move in the manner shown by the arrows. The colder and 
comparatively denser and unexpanded water in the one limb, 
descends and pushes up the warmer water in the other limb, 
assuming the place of the hot water. Subsequently, it becomes 
heated in its turn, and thus the circulation is continued so long 
as any inequality of temperature is sustained. 

171. On the same principle, boilers are now constructed 
which convey heat from the fire to which they are exposed 
through tubes or iron cases to the air of different apartments, 
diffusing a gentle and equal warmth or a sharper heat, accord- 
ing to their structure and the amount of heat to which they 
are subjected. 

172. Such apparatus may be obtained of two kinds ; the first, 
according to Mr Price’s patent, never Fig. 14. 
heats the air in contact with it above 
212 degrees. In the other, introduced 
by Mr Perkins, the water can be 
heated to a much higher temperature, 
in cases where this may be considered 
desirable. The annexed figure illus- 
trates the general arrangements adopt- 
ed according to his system. It consists 
merely of a series of coils of tube, part 
of which are placed where the water | 
is to receive heat, and the rest where * 
the heat is to be evolved. a repre- 
sents a pipe for introducing water, 
and 6 an expanded portion of tube, 
intended to contain any excess of 
‘water when expanded by the heat. 

173. Similar movements take place 
in the air.—See the section upon Car- 
bon, where illustrations are given of 
the currents produced by a common fire. 

174. Caloric is said to be radiated when it passes with great 
velocity from the sun, or from any warm body at the surface 
of the earth, moving through space, or through the air. It is 
believed in this case to move with the same velocity as light, 
namely, 192,000 miles in a second. Caloric is also radiated 
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_ from warm bodies that are not luminous, as from the hand, or 
from hot water. 

175. Radiant caloric is absorbed when it falls upon bodies 
having painted or rough surfaces, such as are presented by 
bricks and other porous solids, by many kinds of stony matter, 
and numerous animal and vegetable substances, and elevates 
their temperature as it is taken up. But brilliant and polished 
metallic surfaces absorb little heat ; they reflect or turn it back 
again. 

"176. Take a piece of common tin-plate, and place it before 
the fire, it reflects most of the radiant heat, and becomes warmer 
with extreme slowness. Make the surface rough with a file 
or sand-paper, cover it with lamp-black, or black paint ; it now 
absorbs heat quickly when exposed to the fire, and soon becomes. 
warm. 

177. Those bodies which are most powerful in receiving ra- 
diant heat when it falls upon them, are equally powerful in 
emitting it when they are warmer than surrounding objects. 


Thus, a vessel with hot water, having a rough, porous, or 


painted surface, cools much more quickly than when the sur- 
face is brilliantly metallic. 

178. All bodies at the surface of the earth lose heat by radia- 
tion in a clear evening ; they radiate more or less heat accord- 
ing to the nature of the surface; those that radiate most 
become colder than the others, and on these more dew or hoar- 
frost is deposited, the air coming in contact with them being 
cooled to the greatest degree, and unable, therefore, to retain 
all the moisture previously associated with it. The green 
leaves of vegetables are powerful in radiating heat,. and are 
accordingly covered with the dew during the night, which is 
so necessary for plants when there is no rain. 

179. In a cloudy night, as heat does not escape by radiation 
from the surface of the earth, the temperature never falls so 
much as in a cloudless sky. 
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CHAPTER VIII. 


DISTRIBUTION OF CALORIC. 


180. Caloric is unequally distributed over the globe. At the 
equator the average temperature is 824 degrees; at the poles 


it is believed to be about 13 degrees below zero. The higher 


we ascend in the air, the colder it becomes; the summits of 
very high mountains are always covered with snow. ‘The 
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interior of the earth is generally believed to be at a very ele- 
vated temperature ; many consider the numerous volcanoes 
that appear at its surface to arise from a central fire. 

_ 181. Caloric tending always to an equilibrium, the heat at 
the warmer portions of the surface of the globe is carried in 
part to those that are colder by currents in the air and in the 
ocean, so that the extreme severity, both of heat and cold, is 
thus mitigated. 

182. The amount of caloric is not the same, even in equal 
weights of different bodies at the same temperature ; asa wide 
jar requires more liquid to fill it to a certain height than is 
necessary to fill a narrow jar to the same height, so, many 
different bodies require more heat than others to elevate their 
temperature to a fixed point. Take a small jug of boiling 
water, and mix it with an equal bull of cold water, previously 
placed in a flask or basin, and examine the temperature with 
athermometer. Then mix equal bulks of boiling water and 
cold oil in another vessel, and the temperature of the mixture 
will be greater than before ; the heat which the boiling water 
loses, elevating the temperature of the oil by a greater number 
of degrees than an equal bulk of cold water. 

183. Propuction or Hienw Trempreratures.—Heat is deve- 
loped principally by burning inflammable substances.—(See 
Air and Carbon). It may also be excited by mechanical action 
and by electricity. A most intense heat is produced when the 
rays of the sun are collected by a burning-glass, which bends. 
the heat passing through it in such a manner that much of it 
falls upon one point. 

184. Hammer a piece of iron on an anvil, it soon becomes: 
very warm. Rub a thin piece of phosphorus, not greater than 
a quarter of a grain, with a piece of glass ; after placing it in 
paper, it soon inflames when exposed to the air. 

185. Propuction or Low Temprratures.—By placing vola- 
tile fluids where they evaporate rapidly, as in a current of air, 
considerable cold is produced. Pour any volatile fluid on the 
hand, and blow upon it; it evaporates with great rapidity, pro- 
ducing cold as the vapour formed removes heat from the hand. 
(See Vaporisation and Spontaneous Evaporation.) 

186. Again, solids which are rendered fluid without the ap- 
plication of heat, become very cold. Mix two parts of snow or 
pounded ice with one of salt; the mixture soon becomes fluid, 
and the temperature falls 41 degrees below the freezing-point 
of water, if large quantities be used, and the snow and salt be 
in a minute state of division. 

187. Mix 16 ounces of water with 5 of nitre and 5 of sal- 
ammoniac in fine powder; the temperature falls about 40 
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degrees as the salts dissolve in the water. Boil off the water, 
and collect the dry salts, which may be used again and again 
for the same purpose. 


ADA. 


CHAPTER Ix. 
LIGHT. 


188. Light is intimately associated with heat, and appears in 
all solids and liquids that are intensely heated. It can also be 
separated from the particles of numerous bodies when they 
enter into new combinations, or are liberated from those of 
which they may have previously formed a part. 

189. Ordinary white light is considered capable of being di- 
‘vided into two parts or pencils, each composed of white light, 
and these, when separated, are said to constitute polarised light. 
The separation may be effected by certain minerals, or by 
allowing light to fall upon different substances at a particular 
angle, when one of these parts or pencils is transmitted, while 
the other is reflected. 

190. Newton considered that white light consisted of seven 
different species of coloured light combined together, namely, 
red, orange, yellow, green, blue, indigo, and violet. It is the 
more general opinion now, however, that white light is com- 
‘posed of three varieties of coloured light, namely, red, yellow, 
and blue, as all other tints can be produced by them. 

191. The influence of light upon chemical action is not so 
well understood as that of heat; nevertheless, there are nume- 
‘vous instances in which it produces a very marked and striking 
effect. 

192. The daguerreotype affords perhaps the most interesting 
illustration that has yet been pointed out. There, plates of 
silver, acted on previously by the vapour of iodine, are placed — 
so as to be exposed to the rays of light emanating from any 
object of which a sketch is desired. As these rays rest upon 
- the iodine and silver, they so affect the chemical relation and 
position of the minute particles, that a new arrangement be- 
comes visible after subjecting the plates to the vapour of mer- 
cury. The rays of light, therefore, may be said to have traced 
the outline of the image from which they came as they rested 
upon the plate. A solution of hyposulphite of soda is then 
poured over the plate, which precludes farther change. 

193. Again, the action of light may be beautifully seen in 
experimenting with photogenic paper. This paper may be pre- 
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pared by moistening common writing paper with a very weak 
solution of nitrate of silver, or of bichromate of potassa, exclud- 
ing it very carefully from the light except when it is in use. 
On exposing it to the sun, or to the bright light of day, the 
paper is darkened, and if any part shall have been covered by 
a leaf, a flower, or any other object, the portion of paper below 
it remains unchanged, presenting the outline required, while 
all other parts are darkened. By washing the paper subse- 
quently with water, a solution of hyposulphite of soda, or some 
other chemical preparation, according to the nature of the ma- 
terial used, no farther change can ensue, and the sketch or 
outline is at length fixed on the paper. 

194. The action of light is also conspicuous in its influence 
both on plants and animals. Exclusion from the rays of the 
sun leads to a pallid complexion, indicating a low state of vita- 
‘lity. In the vegetable kingdom, plants placed in a dark situa- 
tion send out shoots to any opening where light can enter. 

195. Clothing of different colours has long been noticed to 
attract odorous matters with different degrees of force. The 
darker the tint the greater the power of attraction, and the 
longer is the odorous matter retained. 

196. On the human frame the precise nature of the action 
of light has hitherto engaged comparatively little attention ; 
but its effects are admitted to be of great importance, however 
difficult it may be to trace its mode of operation ; and if, in the 
daguerreotype, it is observed to affect so greatly the particles of 
dead matter taken from the mineral kingdom, it may be pre- 
sumed to exert a still more important influence on the body, 
where the vitality of the materials renders them much more 
amenable to the influence of external agents. 


PRARNnn ND 


CHAPTER X. 


ELECTRICITY. 


197. All bodies presenta very peculiar series of properties 
when placed under particular circumstances, and these have 
generally been ascribed to the presence of a very subtle fluid, 
which has been termed electricity or the electric fluid. Various 
opinions are entertained as to the nature of this fluid, but no- 
thing precise is known, except many of the effects it can pro- 
duce on matter. Thunder and lightning are produced by the 
movements of electricity, such as may be experimented with 
on the small scale in using the common electrical machine. 

D 
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198. Electricity, like heat, is in itself invisible, though often 
accompanied both by heat and light. It exists in all kinds of 
matter, and does not present, under ordinary circumstances, 
any manifest indications of its presence. But when any body 
acquires a larger proportional share than surrounding objects, 
whatever may be the cause, immediately electricity begins to 
pass from it to the others, this change going on till any excess 
is divided between them, and an equilibrium established. 
During this interchange, various phenomena may be observed, 
more particularly new powers of attraction or repulsion in the 
substances used, which at the moment are capable of attracting 
or repelling such matters as may be placed near them, if they 
are not too heavy. On the small scale, a spark is generally 
seen at the same time; on the large scale, in the phenomena. 
of nature, the electric power either is or causes lightning as 
it passes from the clouds to the earth, from the earth to the 
clouds, or from one cloud to another. A very intimate con- 
nexion has also been discovered to subsist between electricity 
and magnetism ; magnetism can indeed be produced in iron by 
electrical operations, and magnetic instruments are equally 
capable of producing an electric spark. 

199. Bodies having more than their usual share of electri- 
city, are said to be positively electrified ; those that have less, 
are said to be negatively electrified. 

200. Electric conductors are bodies through which electricity 
is conveyed with comparative facility and rapidity ; among 
these, metallic substances are the most powerful, and through 
tg a RS ta the solidity of their texture, it appears 
to move with the rapidity of lightning. Charcoal, acids, water 
containing salts in solution, and most animal substances, come 
next in order. 

201. The lightning-rod, so much employed in defending build- 
ings from the injurious effects of lightning, affords a good illus- 
tration of the application of conductors to practical purposes. 

The pointed extremity of the rod is freely exposed above the 
highest part of the building, as is seen in the accompanying 
figure, and any of the lightning communicated to it, is conveyed 
' away by the metallic rod which is led into the ground below. 
This rod ought not to terminate in a dry non-conducting’ body, 
but be conveyed if possible to moist earth or to a well, so that 
the electricity may be at once discharged into a good conducting 
medium. 

202. In ships, the metallic conductors are usually fixed to 
the mast head, and continued down to the copper sheathing in 
contact with the water, where they terminate. — 

203. Non-conductors are bodies which have comparatively so 
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very feeble a conducting power, that they resist the movement 
of electricity through their particles, or at least only transmit 
it with such extreme slowness, that they are familiarly em- 
ployed to prevent its transmission. Glass, sulphur, resins, dry 
air, wood, paper, hair, silk, and feathers, are all non-conductors. 


Fig. 15. 
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204, The electric circuit is the course that electricity takes 
in passing from one body to another. It is said to be broken, or 
interrupted, when the progress of the electricity is arrested or 
retarded by separating at any point the conducting materials 
through which it passes, or by interposing any non-conductor 
between their extremities where the continuity is broken. 

205. A body is said to be insulated when it is placed on a 
non-conductor, so that it can neither give electricity with faci- 
lity to external objects, nor receive it from them. |‘ ; 

_ 206. When any body electrically excited is opposed to an- 
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other in its natural state, the latter assumes an electric condi- 
tion, exactly opposite to that of the first to which it is opposed. 

207. Changes of this kind, effected merely by proximity to 
an excited body, are called cases of the induction of electricity, 
and the electricity is said to be induced. Hence a body, pre- 
senting no electrical phenomena, and without any change in 
the amount of electricity in it, may, in a moment, by a mere 
change in the distribution of the electricity it contains, caused 
by the approximation of any body electrically excited, have 
the arrangement of the electricity in it so altered as to become 
positively electrical at one extremity, and negatively electrical 
at the other. 

208. In the common electrical machine, electricity is deve-. 
loped by the friction of a hair-cushion covered with an amalgam, 
which affects the air chemically, as the cushion presses upon a 
glass cylinder or plate which is made to revolve rapidly. The 
electricity becomes accumulated in the glass ; small and pointed 
metallic wires attract it and convey it from the revolving glass 
to a large metallic vessel, insulated by being placed on a non- 
conductor. Were it placed on a conductor, the electricity 
would be restored to the ground as fast as it might be trans- 
mitted to the prime conductor. The hair-cushion must be con- 
nected with the ground by a good conductor, that fresh electri- 
city may be conveyed to it from the earth, as fast as it is 
withdrawn. Electricity is taken from the prime conductor by 
approaching to it the body to which it is to be applied. 

209. The Leyden jar, named from Leyden, where it was in- 
vented, consists of a jar in which electricity can be accumulated 
in larger quantity than in the prime conductor. It 1s coated 
with tin-foil externally and internally, except towards the 
upper part. A rod terminating with a ball passes through the 
upper part, the lower part of the rod being connected with the 
interior coating by a chain. When the ball is approached to 
the prime conductor, electricity accumulates in the interior 
coating of the jar, and this causes electricity to be repelled by 
induction from the exterior coating. There is, therefore, a great 
difference established between the electricity of the interior 
coating, which has more than its usual share, and that of the 
exterior coating, which has less. The uncoated glass prevents 
any freedom of communication between them. If a metallic 
communication be now established between the ball and the 
external coating, electricity is conveyed rapidly through it to 
the external surface, and an equilibrium is restored. Any 
materials subjected to the influence of the electricity of the 
jar, must be made to form part of the circuit through which it 
passes. ; ' 
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210. Rub a large stick of sealing-wax briskly with a silk 
handkerchief ; electricity is produced, and light substances, as 
a feather or a small piece of paper, are attracted by the wax. 
If the experiment be performed in a dark room, small sparks 
of electricity may be observed on approaching the finger to the 
wax. 

211. Repeat this experiment, using a stout glass tube instead 
of the sealing-wax. 

212. For ordinary chemical purposes, electricity is deve- 
loped more conveniently by galvanic arrangements than by 
the electrical machine. In these the mutual action of different 
particles of matter brought into play, so as to produce chemical 
changes, is accompanied ‘by the development of a large quantity 
of electricity. 

_ 213. Fig. 16 represents one of Fig. 16. 
the most simple arrangements 
adopted for this purpose. A plate 
of zine and a plate of copper are 
immersed in an acid liquid capable 
of affecting one of them ; the elec- 
tricity passes from the zinc to the 
copper through the liquid; the 
circuit is established by wires con- 
necting these two plates externally. 
Any matter to be affected by the 
electricity must be placed between 
their extremities, as is represented 
in the figure. 
214, Hig. 17 shows a section of a galvanic trough, in which 


Fig. 17. 


ne united action of any number of pairs of plates may be 
obtained. 

- 215, Fig. 18 shows part of a still more complicated arrange- 
“ment, such as is used where the united action of a number of 
troughs i is required, all of which act in the’same manner as if 
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they had been formed into one trough and properly con- 
nected by metallic wires. One extremity, a, is represented in 
connexion with a metallic plate, held below one of the metallic 
leaves d, e, f, g. "These are placed upon a metallic rod resting. 
on a non-conducting glass support, and attached by 6b to the 
other extremity of the troughs. If the plate, c, be applied 


Fig. 18. 


successively to each of the metallic leaves, they are dissipated 
in vapour with the evolution of much heat and light. Very 
thin leaves of gold, silver, copper, and tin, should be used for 
this purpose. When a number of troughs are connected to-. 
gether, and used simultaneously, the apparatus is termed a 
galvanic batiery. 

216. In any galvanic arrangement, whether one or many 
troughs be used, the zinc and copper plates, which are arranged 
so as to compose the cells, must be placed in one unvarying 
order, the zinc and copper succeeding each other alternately 
throughout the whole series. A pair of zinc and copper plates 
are usually soldered together, the cells being formed by the 
zinc plate of one pair and the copper plate of another. 

217. The cells are usually charged with acids diluted with 
from ten to fifty parts of water. ‘The greater the intensity of: 
action required, the stronger ought the acid to be. In some 
batteries, as in that used by Mr Grove, where a complicated 
but very effective action is maintained, concentrated acids are 
~ employed. } 

218. On a smaller scale, a very simple arrangement, usually 
termed the galvanic pile, may be made in the following manner: 
—Procure twelve plates of copper and twelve plates of zinc, 
place them in the order represented in fig. 19, with a piece 
of cloth between each pair, the upper and lower plates having 
copper wires soldered to them, tipped at the extremity with 


small wires of platinum. The plates need not be more than _ 


twe or three inches in diameter, and the cloth must be mois- — 


iy _ may be required. 
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tened with a liquid composed of 1 part, by measure, of pied 
ric acid, 2 of nitric acid, Fig. 19. 
and 60 of water. The 


may be placed in a small 
plate or basin. Some- 
times each zinc plate is 
soldered to a copper plate ; 
they can be arranged more 
conveniently in this way 
than when separate. With = 
this apparatus the following ex jenivents may be “performed. 
219. Place any of the substances mentioned in the succeed- 

ing paragraphs, in solution upon a small slip of glass or paper ; 
a drop of the solution will be sufficient. The platinum extre- 
mities of the two wires must be dipped into the solution, but 
not so as to touch each other. The electricity is developed 
as the acid fluid in the cloth acts upon the zinc, accumulating | 
in one of the wires and passing to the other, the materials in 
the solution being affected as it passes through and Gere 
them. 


Materials used. Producis. 
1. Sulphate of soda, composed | 1. The acid accumulates at 
of sulphuric acid and soda, one wire, and reddens the 
resting on cabbage-paper. paper; the alkali at the 


other, ‘and turns it green. 
2. Iodide of potassium, com- | 2. The iodine is immediately 


posed of iodine and potas- separated, and forms a 

sium, mixed with a little blue compound with the 
starch, starch, ~ 

3. Acetate of lead (common | 5. Metallic lead is deposited in 

_ sugar of lead). small crystals. 

4, Sulphate of copper. 4, Metallic copper is deposited 

in the same manner as the 
at ; lead. ss 

5. Hydrochlorate of tin. 5. Metallic tin is deposited in 
ri ‘ crystals,* 


220. Puta 1 ata of sulphate of soda into a cup, and 
dissolve it in hot water ; pour a little cabbage-blue (see Colour- 


_ * The electrotype is a process where, by arrangements similar to those by which 
i the preceding metals are deposited from their solutions, a metal is made to fall 
upon any mould, and take the impression of any type, seal, or other figure, which 
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ing Matter) into the solution, and puta portion into two glasses. 
connecting them, as represented in Fig. 20. 
fig. 20, by a piece of linen or cotton 
cloth, previously moistened in the | 
same solution. On putting one of 
the wires into each glass, the acid 
accumulates in one, turning the blue 
to a red, and the alkali in the other 
rendering it green. If the wires be 
now reversed, the acid accumulates 
eventually in the glass where the alkali appeared, while the 
alkali passes to the glass where the acid was. 
221. Moisten the fingers with the diluted acid used for the 
cloth, and hold one wire in each hand ; the electricity is felt 
feebly as it enters the fingers, and passes through the body 
from one wire to another. With a large apparatus, the most 


violent convulsive movements, and even death, may be pro- 


duced. 

222. Electricity passes readily through metals and charcoal, 
and is attracted by all pointed objects in great quantity. Hence, 
in a thunder-storm, all elevated situations and metallic bodies 
should be avoided ; it is dangerous also to be near trees, as the 
electricity frequently passes down by them to the earth. The 
safest place in a thunder-storm is the middle of an open field, 
at a distance from all high objects; or at home, in the middle 
of a room, away from the walls, the chimney, and the window. 
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CHAPTER XI. 


WATER AND ITS ELEMENTS. 


223. Water, or oxide of hydrogen, is composed of hydrogen 
1+ oxygen 8; equivalent 9. W. of 1 cubic inch, 252°458 
grs. For the action of heat upon it, see Liquefaction and 
Vaporisation. 

224, Pure water is transparent, colourless, tasteless, and ino- 
dorous, and leaves no residuum when evaporated to dryness. 
Its compounds are termed hydrates, or aqueous combinations. 
It dissolves numerous vegetable, animal, and mineral sub- 
stances ; and is decomposed in many cases of chemical action, 
affording oxygen or hydrogen to the substances which affect it. 


It also absorbs or condenses many gases, most of which are 


expelled on boiling. 


225, As a chemical agent, there are few bodies of greater 
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importance either in the great operations of nature or in the 
processes of art. In the ocean, it not only affords the medium 
of life and activity to one portion of the animated creation, but 
appears also to have been an agent by which vast changes have 
heen effected, and are still carried on at the surface of the globe, 
reducing in particular great and massive rocks to a minute state 
of division, and preparing them so as to form that soil which 
is so essential for the productions of the vegetable world, and 
equally necessary, from the products which it affords, in sus- 
taining animal life. Its power of solution is very remarkable, 
and many of the rocks or strata deposited from the ocean ap- 
pear to have in some cases subsided, after having been mecha- 
nically suspended in water, while in others they have been 
separated by a species of deposition or crystallisation, such as 
may be induced artificially on the small scale in numerous 
chemical processes to which water is constantly subjected. 
Again, from the immense and extended surface of the ocean, 
- part of the water is continually passing into a state of vapour, 
when it is separated from the various materials with which it 
is associated in solution ; and being thus distributed over the 
surface of the land by the movements it is subjected to as it 
travels invisibly in the air, or in the form of a cloud, is ulti- 
mately deposited, free from impurities, at the surface of the 
globe, nourishing animal and vegetable life as it falls in the 
rain or the dew-drop, while it also acts chemically upon nume- 
rous ingredients that are observed in the mineral kingdom. 

226. Pure water, for chemical purposes, is prepared by dis- 
tillation (see 146), as it is nowhere obtained absolutely pure in 
nature ; the impurities remain in the retort or still. Rain and 
snow-water are the purest natural waters ; even these must be 
boiled to expel air, when water is required absolutely pure. 

227. For ordinary purposes, water may often be purified to 
a certain extent without distillation by filtering it through beds 
of gravel and sand, and still more effectually by the action of 
animal charcoal, which absorbs or destroys numerous offensive 
matters that are often associated with it. Ordinary charcoal 
has a similar effect, but is much less powerful than animal 
charcoal, probably from the absence of a minute quantity of 
lime which the other is known to contain along with various 
salts. 

228. Some varieties of water, as the water of the Thames, 
undergoes considerable changes when kept for some time in, 
casks at sea or in other situations, the animal and vegetable 
matter it retains in solution, after impurities merely mechani- 
cally suspended have been removed by filtration, producing a 
kind of fermentation when they are in a great measure decom- - 
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posed ; the water then becomes fit for use. Iron tanks have 
been much. used of late for holding water on board ships, and 
might be adopted with advantage in other situations. In them 
good water may be preserved for any length of time, if the air 
be excluded. lLeaden vessels may be used without injury for 
holding some varieties of water, when the saline matter in the 
water forms an insoluble compound with the superficial par- 
ticles of the lead, adhering to it closely, and protecting it from 
further injury. But other varieties of water it is very dan- 
gerous to place in leaden cisterns, as they corrode the lead, and 
suspend a portion of it in a minute state of division, becoming 
then highly poisonous; the suspended lead is considered in 
general to become & carbonate, acquiring carbonic acid and 
oxygen from such waters; and in this condition, being in an 
extremely minute state of division, it is suspended with com- 
parative facility. No water ought to be kept in leaden cisterns 
_ for ordinary purposes, without previously ascertaining its che- 
mical qualities and its disposition to corrode the lead. Whole 
villages have suffered severely from the effects of lead, where 


pipes of this material have been incautiously substituted for 


others made of earthenware or wood. 

229. Spring water is not so insipid and tasteless as distilled 
water, containing portions of air, as well as saline or earthy 
matter which it may have dissolved while flowing in contact 
with various rocks and minerals. River water is similar to 
spring water, but oftener loaded with impurities. Well water 
is still less pure. Water is said to be hard when it is so loaded 
with foreign matter that it decomposes soap, producing a curdy 
precipitate, so that it is unfit for washing, or for dissolving. 
many substances in daily use. 

230. Mineral waters include all those which are so charged 
with foreign matter as to acquire peculiar properties. The 
following are the principal varieties of mineral waters, and 
their properties should be studied along with the properties of 
those substances in which they abound. These are printed in 
italics ; and by referring to them as they are described in suc- 
ceeding chapters, the tests by which they are distinguished 

. will be seen. 

I. Acidulous mineral water abounds in carbonic acid. 

II. Sulphureous mineral water contains sulphureted hydro- 
gen. 

_ IIT. Saline mineral water contains principally soda, lime, or 
magnesia, united generally with sulphuric and hydrochloric 
acids. 

IV. Chalybeate mineral waters contain iron, united with 
sulphuric or carbonic acid. 
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231. To acquire at once a general knowledge of the proper- 
ties_of any water, the following experiments may be tried :— 

I. Evaporate a drop on a flat slip of glass, holding it before 
the fire, or above a small lamp or candle. Small thin rings 
appear where the water rested, if it contained only a minute 
quantity of foreign matter; but a crust is seen, if it be loaded 
with saline or earthy matter; the crust has a brownish-yellow 
tint if iron be present. All ordinary varieties of water contain- 
ing variable quantities of saline or earthy compounds in solu- 
tions, a crust, or sediment, is. always left when large quantities 
are evaporated. In steam-engine boilers this is particularly 
observed, the crust requiring to be removed periodically, other- 
wise the deposition is so great that the communication of heat 
is altogether arrested through the thick mass of earthy matter 
that rests upon the bottom of the boiler. 

If. Pour some of the water into a wine glass, and add asolu- 
tion of litmus; it is reddened if any acid matter be present. 

III. Mix another portion with a little soap ; a curdy substance 
appears if it abound in earthy matter. 

232. Many waters may be purified to a great extent merely 


by boiling, when carbonic acid and sulphuretted hydrogen gases | 


are at once expelled, if not retained in solution by soluble 
compounds with which they may be combined. In waters 
abounding in lime and iron dissolved by carbonic acid, the 
most marked effect is produced by boiling, much of the carbo- 
nic acid being at once expelled, while the lime and iron are 
separated in combination with part of the acid in the solid form, 
the water being left altogether, or at least comparatively, pure. 


OXYGEN. 


233. This element is a gas. It is 16 times heavier than hy- 
drogen, and forms more than one-half of the globe, constituting 
8 tons in every 86 of air, 8 im every 9 of water, nearly a half 
of the more abundant earths, silica and alumina, besides being 
found in almost all vegetable and animal matters. It received 
the name of oxygen from Greek words, signifying to produce 
a sour substance, many of its compounds being acid. 

234. Oxides are compounds of oxygen which are not acid. 
Oxidation signifies the union of any body with oxygen.. Sub- 
stances which communicate oxygen with facility to other 
matters, are called owidating agents ; the principal are air, 
water, and acids and salts containing oxygen. Deowidating 
agents include those substances which are powerful in remov- 
ing oxygen, as carbon, hydrogen, phosphorus, iron, and many 
other metals. 

235. Oxygen is particularly distinguished by its power of 
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supporting combustion ; all inflammable substances burn bril- 
liantly in it. It is not known, however, in what manner heat 
and light are evolved, as the particles of the combustible body 
affect the particles of the oxygen, and combine with them. 
Some bodies are warm enough to take fire at natural tempera- 
tures, and are never, accordingly, observed under ordinary 
circumstances at the surface of the earth ; but in others a very 
various degree of heat is required to produce actual combustion. 
Phosphorus takes fire at a temperature of 100 degrees, sulphur 
at 300 degrees, and carbon at various temperatures between 
280 degrees and the high temperature of a white heat, accord= 
ing as it is used in the form of a light and porous charcoal, of a 
soft or hard coke, or of the diamond, in which the close agere- 
gation of the particles renders it very difficult of combustion. 
236. Besides that rapid combustion which is familiarly ob- 
served in a common fire, numerous inflammable substances, 
more especially phosphorus, a number of oils, charcoal, coals, © 
and other substances, which can be reduced to a minute state 
of division, are prone to act slowly upon the oxygen of the air. 
This is more particularly observed if the materials used be 
accumulated in very considerable quantities, so as to expose 
an extensive surface to it by being arranged in heaps, or 
spread, if fluid (as when oils are used), upon cotton, tow, or 
saw-dust, so as to give a similar extensive surface, upon which 
the air can act in the various interstices, without allowing it to 
be carried too rapidly away from the different particles upon 
which it may impinge. The action of the air and the inflam- 
mable matter under such circumstances, is usually referred to 
under the title of slow combustion ; and all cases of this kind 
ought to be very carefully studied, as the accumulation of heat 
from this cause frequently increases to such an extent, that 
the materials ultimately burst into an active and vivid com- 
bustion. Numerous fires, both on board ship and on shore, 
particularly in manufactories where oil, tow, cotton, and ma- 
chinery are used, have been traced to this cause. Cases have been 
recorded where the materials have passed into a state of active 
combustion in a few hours ; instances have also been authenti- 
_cated in which nearly a year elapsed before the fire appeared. 
237. Introduce a wooden match, red hot at the end, into a 
jar of oxygen, or a suspended candle (fig. 21) with the pie. 91, 
wick red; it burns brilliantly, and the flame is re- 
kindled. In all cases where ordinary inflammable mat- 
ter burns, it acts upon the oxygen which is contained 
in the air, and combines with it. The inflammable 
matter is not lost or destroyed, but often becomes invi- 
sible like the air itself, as it forms gaseous compounds. 
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238. PREPARATION.—Binoxide of manganese is heated to 
redness. in an iron bottle placed in an open fire, or resting in a 
furnace, as in the annexed cut, fig. 22, The bottle should be 
Fig. 22. 


— 


a 


large enough to contain several ounces of the binoxide ; and 
the oxygen which is not required for immediate use, should 
be collected in beer bottles previously filled with water, and 
employed afterwards as it may be required. The bottles should 
be corked under water, the corks being afterwards covered 
with lard, and a piece of cloth tied round them. 

239. When the binoxide is contaminated with carbonate of 
lime, or other carbonates, carbonic acid gas is evolved along 
with the oxygen. This gas is very different from oxygen, and 
much impairs its value. By using water in the pneumatic 
trough, to which lime has been added, the carbonic acid is 
absorbed, and retained in combination with the lime. 

240. The furnace represented here is of a form extremely 
convenient for numerous operations; and, where the vent is 
exposed on every side, other furnaces may be placed around it. 
The area for the fuel may be made from 9 inches to a foot 
square, and the small chimney from 5 to 6 inches in diameter. 
A front view is given in fig. 23, to show the manner in which 
the bricks are arranged in small pieces, so as to be taken out 

and adjusted according to the experiment to be performed. 
~The chimney works well if it be 9 or 10 inches square, and 
from 10 to 20 feet high. A shelf is placed before and below 
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an aperttire in the chimney ; and when it is required to carry 
off fumes from any mixture, it is placed in the situation occu- 
pied by the flask, the plug being Fig. 23. 

removed from the aperture, 
which is at other times closed. 

241. When the binoxide is 
heated in the furnace, 88 grains 
give 8 of oxygen, and every: 
grain may be considered as equal 
to 3 cubic inches of gas. 

242. Where there is no op- 
portunity of operating with a 
furnace, 1000 grains of the bin- 
oxide in fine powder may be 
mixed in a retort with an equal 
weight (about 14 ounces by 
measure) of aqueous sulphuric 
acid ; in this case every 44 grains 
give 8 of oxygen ; but this pro- 
cess is not so well adapted for 
preparing a large quantity of 
oxygen. The retort must be 
heated by a chauffer or lamp, 
and the heat withdrawn when- A 
ever the gas ceases to escape, otherwise the water might pass 
into the retort and break it, being forced up by the pressure 
of the air as the gas still in the retort cools and contracts. 
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248, The trough a (fig. 24.) is usually made of wood or 
tinned iron, about 24 inches long, 12 broad, and 8 deep. The 
shelf b and moveable stool c may be made 7 inches high. The 
pneumatic jars hhh being filled with water, gas is prepared 
from the retort d; the spout g discharges any excess of water 
from the jars as they are filled with gas, the water passing into 
the small trough f 
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244, Zine trays (fig. 25) or small plates are placed below the 
jars of gas under water, when they are to be removed Fig. 25. 
from the trough, and used for experiments. The 
jars or bottles used for collecting the gas must always <> 
be filled with water to expel air, before any gas is 
collected. 

245. Jars of this form (fig. 26), are often used to transfer 
oxygen or other gases to a bag or Fig. 26. Fig. 27. 
bladder, adjusted mutually to each 
other by moveable connectors. The 
jars being filled with gas, and then 
depressed in water, the gas is forced 
into the empty bag, which is slowly 
distended. The bag having been 
withdrawn, a nozzle is fitted to it 
(fig. 27), by which the gas can be 
directed upon any object when it 
is compressed. 


HYDROGEN. 


246. Hydrogen is a gas, and the lightest of all known sub- 
stances ; it isnearly 144 times lighter than air; 100 c. i. weigh 
only 2 grains and a fraction. Its name is derived from two 
Greek words signifying to produce water, as that fluid is formed 
when 1 part of hydrogen unites with 8 of oxygen. 

247. Hydrogen constitutes 1-9th of the water of the globe, 
and is also found in almost all animal and vegetable substances.. 

248. Preparation.—Put 500 grains of zinc in fragments into 
a common beer-bottle ; pour upon them 3 ounces of water, 
and add 5 drachms of aqueous sulphuric acid. The acid, the 


- oxygen of part of the water, and the metal, combine, producing 


. 


sulphate of zinc; the hydrogen is disengaged, and may be 
collected at the pneumatic trough in jars; a cork with a bent 
tube is adapted to the neck of the bottle (fig. 28) to convey 
the gas to the jars, which can be arranged as in fig. 24. 

249, Zinc is procured in fragments by melting it, and pour- 
ing it from a height into water. Jron-filings may be substi- 
tuted for zine ; the acid should then be added slowly, and an 
apparatus of the form shown in fig. 29 is convenient, as it may 
be introduced by the long tube in small quantities at a time, to 
prevent the action going on too briskly. Small nails may be 
used instead of the filings. 

250. Invert a jar with hydrogen, after covering the mouth 
with a tray or cover, and apply a lighted match as the cover 
is taken off ; the hydrogen burns rapidly, uniting with the 
oxygen of the air, and producing water. 
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251. Inflame hydrogen gas in another jar, keeping the mouth 
downwards ; the light hydrogen mixes this time more slowly 
with the air, and takes a longer time to burn. 

Fig. 28. Fig. 29. Fig. 30. 


252. Take any small jar or phial, fill it with oxygen, and 
then introduce the oxygen into a larger and very strong jar ; 
fill the small jar twice with hydrogen, and mix it with the 
oxygen in the larger jar. Invert the mixture and apply a 
lighted match ; an immediate detonation ensues, and water is 
formed, : 

253. Practise transferring gases from one jar to another under 
water, holding them as in fig. 30. 

254. Transfer hydrogen into a bag with a small nozzle (fig. 
27) press it so as to direct a stream upon a small portion of 
spongy platinum less than a pea, and supported loosely in a 


small coil of platinum wire; the air, or oxygen, acting on the © 


platinum at the same instant with the hydrogen, the metal 
soon becomes red hot, and the hydrogen is inflamed. 

255. If two bags be taken, one with oxygen, the other with 
hydrogen, and a stream of gas be pressed out from both at 
the same instant, so that they unite and produce one jet of 
flame, an intense degree of heat is excited; this apparatus is 
usually termed the owyhydrogen blowpipe. Iron-wire held in the 
flame quickly burns ; small fragments of copper, zine, Fig. 31. 
antimony, lead, and tin, burn with great rapidity, if.” 
supported on charcoal ; small pieces should be taken, _ 

less than a pea. Lime, tobacco pipe-clay, and other — 
earthy substances, become intensely luminous in, this 
flame. The hydrogen requires only half its bulk of 
oxygen to be mixed with it; and the gases’are apt to 
explode if they be mixed “in one vessel, unless the 
tubes be arranged in a particular manner to prevent 
the flame from returning. The figure shows the 
manner in which the nozzles from the bags are connected in 
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another nozzle, at the extremity of which the flame is pro- 
duced. These nozzles are usually made of brass, and about. 
1--50th of an inch in diameter at the extremity, or rather less. 

256. An excess of hydrogen should always be used, as it 
renders the small portion of the mixture within this nozzle 
much. less liable to explosion ; as a farther security against the 
very trifling explosion that might be produced by any return 
of the flame into this nozzle, containing the mixed gases, it is 
often filled with numerous layers of wire-gauze. 

257. In experiments on a larger scale, gasometers or reser- 
voirs for the separate gases are employed, and Dr Hare, who 
introduced the use of the oxyhydrogen blowpipe, has for some 
years used it for melting platinum, a metal that is not conve- 
niently fused in furnaces.worked with common fuel. 

258. When a very intense light is required, so that it shall 
be concentrated within a very limited space, it is produced in 
general by directing a number of small jets of flame from the 
oxyhydrogen blowpipe upon a ball of lime, supported in the 

Vig. 32. ; 


manner represented in the annexed figure. So intense is the 

light evolved, that it has been seen in a clear night at the dis- 

tance of ninety-six miles. A, the lime-ball; B, one of a num- 
E 
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ber of nozzles proceeding from the centre G ; C, the stem of the 
blowpipe containing the mixed gases; D, the support for the 
ball, terminating in a platinum rod F, and moving upon a 
screw E, so that it can be adjusted to a proper height. 

259. Symbols of processes described, with a translation :— 
H&O='H. Hydrogen and oxygen produce water. 
S&H&Z=—:SZ&H. Sulphuric acid, water and zinc, 

produce sulphate of zine and hydrogen. 
SS&H&Fe=:S'Fe&H. Sulphuric acid and water, and 
iron, produce sulphate of iron and hydrogen, 
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ATR AND ITS ELEMENTS. 


260. Air is not an element, but a compound of two gases, 
oxygen and nitrogen, and its chemical properties depend prin- 
cipally upon the oxygen it contains. The oxygen combines 
with inflammable matter during combustion, it acts on the 
blood in the lungs when animals respire, and its influence may 
be traced in numerous operations continually going on at the 
surface of the earth. When the oxygen of the air is consumed, 
inflammable substances do not burn in it, and animals intro- 
duced into it immediately die. Hence the great importance of 
removing air vitiated by combustion or respiration, and intro- 
ducing into every apartment fresh air from a pure source. 
Much of the oppression and headache of which many persons 
at times complain, either arises entirely, or at least is much 
ageravated, by breathing for a great length of time in an atmo- 
sphere vitiated by a crowded assembly, or imperfect ventilation.* 

261. Minute quantities of moisture and carbonic acid are 
found in air in every part of the globe, which have an impor- 
tant influence in numerous changes at the surface of the earth ; 
and though large quantities of oxygen must be continually 
consumed, still the composition of the air does not vary, oxygen 
being again restored to it, principally, it is believed, by the 
action of the leaves of plants during sunshine. 

262. Put a lighted candle, about two or:three inches long, 
‘upon the shelf of the pneumatic trough (fig. 21), supporting 
it above the water on any small metallic stand (fig. Fig. 33. 
35). Place over it a glass jar eight or ten inches long, < 
allowing it to rest upon the shelf. The air in the jar is 
at first expanded by the heat, and a little escapes; the 
candle soon begins to burn more dimly as the inflam- 


_* For illustrations of ventilation, see Carbon, Fire-places, and Furnaces, 
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mable matter it contains consumes the oxygen, and in a short 
time it is extinguished. Water is now forced up by the pres- 
sure of the external air to supply the place of the air expelled 
at first, and also of part of that which is consumed, a portion 
of the product being condensed by the water. 

263. Repeat this experiment, using a candle supported on a 
cork, so as to float upon the surface of the Vie. 34. 
water, as in the annexed figure. rte 

264, Again repeat this experiment, using 
nothing, however, but the candle and the 
glass jar, previously dried with great care, 
the candle being put on a table, and the 
jar placed over it. / 

265. In all these cases a large portion of 
the oxygen of the air is consumed, uniting 
with the hydrogen, and also with the car- 
bon, which form the principal ingredients 
in wax, oil, and tallow. The water that appears in innumer- 
- able small points or drops upon the sides of the dry jar, is formed 
by the union of the hydrogen of the candle with the oxygen 
of the air; the carbonic acid gas is formed as the carbon 
unites with oxygen, and this may be easily detected by the 
addition of lime-water, which is immediately rendered tur- 
bid by the carbonic acid, if a few ounces be agitated with it in 
the jar. 

266. In studying the action of air upon different chemicals, 
and still more especially in viewing its effects upon the human 
frame, the following memoranda will be found useful:— ~ 

267. Air, at a temperature varying from 60 to 65 degrees, 
is found to be most congenial to the greater number of consti- 
tutions in this country, if it move so gently that fresh quanti- 
ties are continually conveyed to the system without any sensible 
impetus, or at least without producing any offensive current. 
Different constitutions vary much as to the temperature that 
is most suitable for them. <A difference of 24 degrees is observed 
in extreme cases as to the temperature preferred by different 
persons ; and, even in the same individual, a very great diffe- 
rence may often be seen as to the temperature that is preferred, 
according to the state of the constitution at different times. As 
age advances, and the bodily strength diminishes, a temperature 
frox’ 63 to 68 degrees is found most agreeable. 

_ 268. Air, at a high temperature, provided that be below the 
temperature of the body, may produce the same amount of 
cooling power as air at a lower temperature, if it be made 
to move more rapidly, so that a larger quantity of it shall be 
brought in contact with the system in a given time. Hence, 
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air at a given temperature may feel agreeably warm or very 
cold, according to the rapidity with which it moves upon the 
person. ‘Temperature, therefore, considered independently of 
the velocity or slowness of movement in the air, is no guide as 
to the precise manner in which it is likely to affect the feelings. 
Air may be perfectly pure in respect to its proportion of oxygen 
and nitrogen, but may he vitiated by the presence of moisture 
in unusual quantity, when it arrests insensible transpiration, 
and affects seriously the functions of the skin. itd 

269. On the other hand, air may be so free from moisture, 
that it may withdraw moisture rapidly from the system, and 
produce injurious effects by its extreme dryness. Air is more 
largely charged with moisture in summer than in winter, but 
has less tendency to deposit that moisture, in consequence of 
the high temperature. ant . 

270. In winter, though the amount of moisture in the air 
may be less, it is apt to become more offensive from the facility 
with which it is separated in a palpable form. 

271. In addition to those changes that result from a differ- 
ence of temperature, air is apt to vary greatly in its influence 
upon the human frame, according to its electrical condition, 
which has not hitherto been studied so minutely as its impor- 
tance requires. Further, the following materials may be found 
in the air in different districts, in very variable porportions, or 
only in particular localities, according to the nature of the 
source from which they are evolved. 

272. Carbonic acid ; carbon, the principal ingredient in all 
animal and vegetable substances, tends ultimately to become 
carbonic acid gas as they fade and decay, when it is diffused 
through the air and absorbed by the leaves of plants, or by 
water which approaches their roots, and again presents it as a 
source of food in the vegetable kingdom. In a proportion of 
about 1-1000th part, it is found every where in the atmosphere ; 
in old wells and pits it is often so abundant that certain death 
ensues when any one incautiously visits those in which it is 
accumulated. ie : 

273. Carbureted hydrogen is found principally in coal mines, 
or escaping from stvata in which coal, tar, naphtha, and other 
inflammable substances, abound. : 


274. Sulphureted hydrogen is noticed more particularly in the 
vicinity of sulphureous waters, and where compounds termed 
sulphates are left in stagnant water and in contact with animal 
or vegetable matter. bt 


275. Sulphurous acid may also be observed near active yol- 


canoes, copper works, and large cities. In Wales, 80,000 tons - 


of sulphur are annually consumed and discharged, after being 
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dissipated in the form of sulphurous acid, from four works alone 
in which copper is separated from the ore. 

276. Minute particles of exceedingly fine dust are noticed 
principally when a tempestuous atmosphere blows upon “a 
sandy desert, or when they are projected from active volcanoes. 
In some cases the dust has covered the decks of ships at some 
distance to the depth of half an inch or more, and instances are 
recorded where it has been deposited in large quantities at a 
distance of 400 miles from the volcano by which it was dis- 
charged. 

277. Salt is noticed more particularly towards the sea-coast, 
but has also been found encrusting leaves at a distance of 200 
miles from the sea. It is supposed to be derived from the 
spray of the sea, agitated greatly during a heavy gale of wind. 

278. Malarious matters are the offensive products that arise 
from various soils and marshes, and from animal and vegetable 
matter generally, in a state of decay. Thousands die annually 
from its injurious influence, but its precise nature is unknown, 
and probably there are many varieties of malaria, each having 


peculiar properties. It has been supposed that many minute 


and invisible animalcule sometimes produce diseases attributed. 
to malaria, while offensive gases, or, at all events, offensive 
compounds which are soluble in gases, such as are met with at 
the surface of the earth, have also been considered to produce 
these effects. By the action of a high temperature, by the 
agency of chlorine, of lime-water, and other substances, attempts 
have been lately made to diminish the virulence of the action 
of malarious poisons, but until their precise nature shall have 
been more accurately investigated, it will be impossible to pro- 
pose specific plans for destroying its influence in each individual 
case, 

279. Numerous substances, as arsenic, copper, hydrochloric 
acid, and other bodies, may be traced in endless variety in some 
situations, especially in the vicinity of particular manufactories. 
Air in large cities, such as London and Manchester, is often 
largely contaminated with soot. In the worst cases in these 
places, nearly 400 separate pieces of soot have been observed to 
fall within a few hours upon a square foot of surface. 


280. In most buildings the supply of air is taken too fre- 


quently from the most indifferent sources, while the due dis- 
charge of the vitiated air is equally uncontrolled. The higher 
the source from which air is taken, the better is it in general, 
and the more free from exhalations from drains, &c.; care 
must be taken not to lead it from the same level as that of 
chimney tops in the vicinity. 
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NITROGEN. 


281. This gas abounds in the air, forming 4-5ths of its bulk, 
and is also found in considerable quantity in animal substances, 
and in salts called nitrates. It is observed only in a few vege- 
table substances. ; , 

282. Put 8 or 10 grains of phosphorus into a tin or copper cup, 
supported several inches high (fig. 35), and place 
over it, when inflamed, a jar about the size of a 
common beer-bottle, operating at the pneumatic 
trough, as in fig. 24. The phosphorus should 
never be touched directly with the hand, and 
must be dried well between folds of blotting-paper 
before it is used. When the white compound of 
the phosphorus and oxygen of the included air has 
combined with the water, nitrogen gas remains, 
transparent and colourless. 

283. Transfer it under water to another jar, pre- 

viously filled with water, holding them in the manner shown 
in fig. 80; or invert the jar with a cover, keeping in all the 
water, and introduce a suspended candle (fig. 21) into the gas ; 
‘it is immediately extinguished. The nitrogen may be con- 
trasted with oxygen in another jar, the candle being extin- 
guished in the one, and rekindled in the other, many successive 
times. 

284. Nitrogen neither supports combustion nor respiration. 
It is disengaged with great facility from numerous compounds, 
many of which explode violently as it is separated. : 


Fig. 35. 


NITRIC ACID. 


285. The elements of air, united in a different proportion, 
form nitric acid, one of the most corrosive and powerful acids ; 
diluted with water, it constitutes aquafortis. 

_ 286. Compounds which have a sour taste, and redden blue 
vegetable colouring matter, are termed acids, though a few of 
them are very feeble in these respects. ! | 

287. Fill a glass retort about one-third full of a mixture o 
equal weights of aqueous sulphuric acid and nitrate of potassa 
(common nitre); heat the mixture with a lamp or chauffer, 
and collect the vapour that distils over in a receiver, which 
must be kept cold; if the vapour comes over more rapidly 
than it can be condensed, the heat must be moderated. 


EXPERIMENTS WITH ACIDS—NITRIC ACID. 65 


288. A flask with a bent tube fitted to it may be used instead 
of a retort, being luted to it Fig. 26. 
with a mixture of clay and = » 
sand, when the materials have 
been introduced. (Fig. 36.) 

289. The process should be. 
continued till a quantity of 
acid be obtained, at least equal 
in bulk to the aqueous sul- 
phuric acid employed. Part 
of the acid is generally decom- 
posed, and a ruddy vapour 
produced which tinges the acid 
of various hues; it is called aby 
nitrous acid. The sulphuric \— 
acid remains in the retort with the potassa of the nitre, and the 
nitric acid passes into the receiver united with water, which it 
takes from the aqueous sulphuric acid employed. 

290. Add a drop of the acid to water in a beer-glass, coloured | 
with vegetable blue ; it is immediately reddened. 

291. Cover a tea-spoonful of iron-filings in another beer-glass 
with water, and pour upon them small quantities of acid at a 
time till a brisk effervescence appears. The iron takes oxygen 
from the acid, and many gases are disengaged, composed of 

nitrogen with less oxygen than is found in the acid. 
- 292. Heat two table-spoonfuls of charcoal powder to redness 
in a crucible, and pour upon it aqueous nitric acid in a very 
slender stream; the charcoal burns rapidly, taking oxygen 
from the acid. 

293. Nitric acid is always associated with water as usually 
procured, and should be kept carefully in stoppled phials, as it 
is very corrosive, and emits acrid fumes. It is transparent and 
colourless when there is no nitrous acid present, and if concen- 
trated, a phial that holds 1000 grains of water will contain 
about 1480 of this acid. It is often contaminated with sulphuric 
acid or chlorine, which may be detected by solutions of nitrate 
of baryta and nitrate of silver. The acid should be diluted in 
a wine-glass, before the tests are applied, with 6 or 8 times its 
bulk of distilled water. The tests produce no effect in pure 
acid ; sulphuric acid gives a white precipitate with baryta, and 
chlorine produces the same effect with the silver. The tests 
must be tried in separate glasses, 

294, Evaporate.a portion of the nitric acid on a broad slip of 
glass, or in an evaporating basin, till none is left. If any solid 
matter remain, it is also to be regarded as an impurity. 
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295. The other compounds of nitrogen and oxygen are repre- 
sented in the table, page 21. They are produced when nitric 
acid or its compounds are decomposed. 

296. Oxide of nitrogen, commonly called Intoxicating Gas, 
can be respired for a minute or two without danger ; it pro- 
duces great excitement in general, accompanied by immoderate 
laughter, and violent muscular action. Its effects pass away 
very quickly. ; 

297. It is prepared. by decomposing nitrate of ammonia, 
which is resolved into this gas and water on subjecting it to 
heat in a retort, the water being condensed at the pneumatic 
trough, while the gas is collected in jars. The diagram, page 
21, illustrates the precise nature of the changes that ensue. 

298. Binowide of nitrogen is also gaseous, and, when mixed’ 
with air or oxygen, produces dense, acrid, ruddy fumes of 
nitrous acid. It is obtained by the action of copper or mercury 
on diluted nitric acid, the metal removing part of the oxygen 
from a portion ‘of the acid, and liberating the gaseous binoxide, 
while the undecomposed acid combines with the oxidated 
metals. 

299. Nitrous acid generally appears as a ruddy vapour when 
nitric acid is decomposed, or when the binoxide acts on the air 
and attracts more oxygen. 
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SULPHUR AND PHOSPHORUS. 


300. Sulphur is a brittle solid, having a fine straw-yellow 
colour. It abounds in many volcanic countries, where it is 
believed to have been separated from its various compounds by 
the action of heat. It is also prepared artificially by heating 
compounds in which it is combined with metals. The most 
important compounds it forms with the preceding elements are 
sulphurous acid, sulphuric acid, and sulphuretted hydrogen. 

301. Hold a roll of sulphur over a powerful lamp ; it soon 
falls in pieces, the exterior portion expanding, while the rest 
is rigid. Sulphur is a bad conductor of heat. | 

302. Melt sulphur in a Florence flask, and pour it, when- 
aay is fluid, into water, it immediately becomes hard and 
brittle. 

303. Heat another portion, after melting it, till it becomes 
thick and viscid ; pour it, in a very slender stream, into water ; 
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it is now transparent, soft, and elastic, but gradually returns to 
its usual form. | 

304, Heat sulphur in a small retort ; the vapour condenses 
in the neck of the retort, or in a receiver which may be con- 
nected with it, in the form of a yellow powder, usually called 
Flour of Sulphur. 

305. Melt sulphur in an earthenware cup, and allow it to 
cool ; it consolidates into a crystalline mass. Observe the 
crystals as they shoot across the liquid. Dip small pieces of 
wood into melted sulphur ; a portion of it adheres to the wood, 
and common sulphur matches are formed. . 

306. Pour melted sulphur upon a glass or other mould made 
of materials such as are not affected by the heat of the fluid 
sulphur. It takes a very accurate impression as it cools. Me- 
tallic substances are very apt to be discoloured by sulphur, and 
ought therefore to be avoided. 

307. Sulphurous acid is formed when sulphur burns in con- 
tact with the air or pure oxygen. It is a pungent suffocating 
gas 5 water can condense thirty-three times its bull, acquiring 
its odour. It becomes liquid when its temperature is Fig. 37. 
reduced to 14 degrees ; in this condition it evaporates 
quickly if exposed to the air, and produces intense cold. 
When sulphur is burned in oxygen, a very beautiful 
blue light appears. The same apparatus may be used 
as in burning phosphorus in air to prepare nitrogen (See 
282), or a few fragments of sulphur may be kindled in a@ 
copper-cup, suspended by a wire (Fig. 37), and introduced 
into a phial, vase, or flask, filled with oxygen gas. 

308. Sulphurous acid may be obtained in combination with 
water, but mixed in general with a little sulphuric acid, by 
heating 200 grains of mercury with an equal weight of aqueous 
sulphuric acid in a retort, and condensing the gas that is 
evolved by water placed ina flask or receiver. The sulphurous 
acid is formed as the mercury takes a portion of oxygen from 
part of the sulphuric acid; the rest of the acid combines with 
the mercury. 

309. Sulphurous acid is particularly distinguished by its 
action on colouring matter. Numerous flowers are blanched 
when placed in a jar where sulphurous acid is slowly produced. 
Though the colour may fade and disappear, its basis is not 
destroyed, as, in many cases at least, it may be restored by the 
action of acid or alkaline vapours. 

310. Sulphurous acid is formed in all ordinary cases not only 
where pure sulphur is burned, but also where many of its com- 
pounds are exposed to the action of heat and air, as in the 
Welsh copper works already referred to, par. 275, page 62. 
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The 80,000 tons of sulphur mentioned produce 160,000 tons of 
sulphurous acid gas, and part of the copper is also dissipated at 
the same time, destroying all vegetation in the vicinity, and even 
affecting animals with a peculiar disease termed popularly the 
copper-smoke lameness. In various other places, also, where diffe- 
rent manufactories are carried on, numerous cases are pointed 
out where the deleterious action of the sulphurous acid, caused 
by the burning of the sulphur, has produced the most injurious 
effects, being equally inimical to animal life and to vegetation. 

311. Sulphuric acid is the most important compound of sul- 
phur, and is termed aqueous sulphuric acid, in the condition it 
is usually met with, about 40°1 of acid being combined with 9 
of water. It is prepared by mixing sulphurous acid gas, formed 
by burning sulphur, with nitrous and nitric acid, in a large 
chamber lined with lead; the sulphurous acid becomes sul- 
phuric acid after decomposing the nitrous or nitric acid, and 
attracting a portion of oxygen from it and the air. When 
properly concentrated, it is a dense oily-looking fluid, heavier 
than water. It is much employed in decomposing compounds 
containing acids, corrodes animal and vegetable matter, and is 
intensely acid. It reddens the vegetable blues. 

312. Sulphuric acid, associated with other substances, is found 
abundantly in the mineral kingdom, more especially in com- 
bination with lime, soda, and magnesia. But though a virulent 
poison, and extremely corrosive of animal and vegetable mat- 
ter, when concentrated and pure, it loses all these qualities on 
combination with the substances mentioned, when it produces 
successively sulphate of lime or plaster of Paris, sulphate of 
soda or Glauber’s salt, and sulphate of magnesia or Epsom salt. 

318. Sulphuric acid in solution is detected by adding a solu- 
tion of lead or of baryta; a white precipitate immediately 
falls, which is not dissolved on adding diluted nitric acid. In 
earthy compounds not soluble in water, sulphuric acid is de- 
tected by heating them to bright redness in a crucible with 
powdered charcoal, after mixing them with a little pitch or 
oil, when .a compound is obtained which produces a sulphureous 
odour, more especially on adding water and acids to it. 

314. Pour three or four drops of aqueous sulphuric acid upon 
the fire, or upon a red-hot iron, where the fumes can be carried 
away ; dense white vapours immediately appear. 

315. Aqueous sulphuric acid should never be mixed with 
water in a glass measure, or any other thick glass vessel, as 
the sudden heat produced often causes them to, be broken. 
Pour 3 ounces of water, by measure, into a thin flask, capable 
of holding 10 or 12, and mix with it in the flask 43 ounces of 
the strongest acid. Great heat is immediately produced ; if a 
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tube with cold water be placed in the mixture, it soon begins 
to boil. If the flask be very thin, it may be dipped into cold 
water till it is nearly covered, when, if it be immediately re- 
moved, the small portion of water adhering to the glass outside 
evaporates quickly, and much vapour is observed. 

316. Put a few chips of wood into a wine-glass, and mix 
them with a little of the acid; the wood is decomposed, and 
becomes black from the separation of part of the carbon. 

317. Tale two beer-glasses with water, and put into each a’ 
drachm of the aqueous acid. Into one pour a few drops of any 
solution of baryta; sulphate of baryta falls, in the form of a 
white powder. ‘To the other add a few drops of acetate of lead 
in solution, sulphate of lead immediately appears as a dense 
white precipitate insoluble in nitric acid. 

318. Hydrosulphuric acid, or sulphureted hydrogen, is found 
in a number of springs, and in some cases, as’on part of the 
coast of Africa, it is said to exist even in the waters of the ocean, 
producing the offensive odour observed in sulphureous mineral 
waters. It is gaseous when uncombined, and extremely noxious 
to animal life. 

319. Air containing a proportion so minute as a millionth 
part of this gas is offensive to many constitutions, and must 
prove prejudicial to all. Air containing one part in fifteen 
thousand has been known to produce deleterious effects. A 
case is recorded where three stout men were obliged to give up 
work in an atmosphere containing only one part in five thou- 
sand, Air containing one part in fifteen hundred kills small 
birds. A horse dies in an atmosphere in which one part is mixed 
with two hundred and fifty of air. In a pure form, it produces 
instant death ; in a more diluted state, the most violent con- 
vulsions are induced, which occasionally terminate in death. 

320. Mix, in a bottle with a bent tube (fig. 28), 440 grains 
of the sulphuret of iron in fragments, with 3 ounces of water 
and 490 grains (5 drachms by measure may be taken) of 
aqueous sulphuric acid. Hydrosulphuric acid gas escapes with 
effervescence, and may be collected in jars or flasks at the 
pneumatic trough (fig. 24). The sulphur of the sulphuret 
takes hydrogen from part of the water producing the gas ; the 
iron takes the oxygen with which the acid produces sulphate 
of iron ; it remains with the undecomposed water. 

321. Heat a bar of iron to whiteness, at a smith’s forge, and 
press upon the extremity a roll of sulphur, inclining them in 
the manner represented in fig. 38, and collecting under water, 
in any iron vessel, the red-hot fluid which is immediately 
formed. It is the sulphuret of iron, very brittle when solid, 
and composed of 28 of iron and 16 of sulphur, 
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322. Invert a jar of hydrosulphuric acid gas, and apply a 
lighted match ; the gas burns, and produces sulphurous acid 
and water as it acts upon the Fig. 38. | 
oxygen of the air ; part of the 
sulphur is not consumed. ae 

323, Fill a flask full of 
water, introduce a portion of 
the gas till it is half full, cork 
it under water, lift it out with 
the cork downwards, shake it 
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9 
well, and then loosen the cork, keeping the flask in the same 


position ; the air rushes in to supply the place left vacant as 
the gas unites with the water. The solution is of the same 
nature with sulphureous mineral waters, but much stronger. 

324, Moisten carbonate of lead with water, spread it upon a 
piece of paper, and introduce it into a jar or flask of the gas. 
The carbonate is immediately blackened, the dark coloured 
sulphuret of lead being formed, as the sulphur unites with 
metallic lead ; at the same moment, the hydrogen of the gas 
combines with oxygen derived from thie oxide in the prepara- 
tion employed, and produces water. 

325. Mix sulphate of lime (plaster of Paris) in fine powder 
with charcoal, and heat it to redness in acrucible after making 
the mixture into a ball with pitch or tallow (See 312 and 313). 
When cool, the mixture. is found to have lost oxygen, the 
carbon having carried away, in the form of carbonic oxide, 
all the oxygen, both from the sulphuric acid and from the 
lime. It now smells strongly of hydrosulphurie acid, if water 
and an acid be added, for then the sulphur takes hydrogen 
from part of the water, while the oxygen of the decomposed 
water is attracted by the calcium of the lime ; the acid added 
combines with the lime and liberates the hydrosulphuric acid. 

326. A similar action ensues in liquids containing sulphates 
in solution, as Professor Daniell has very recently proved ; and 
to this he attributes the production of diseases in numerous 
marshes and other situations where sea water, which contains 
sulphates, is left in contact with animal and vegetable matter 
in a state of decomposition; the carbon it contains produces 
the same effect on the sulphates in solution as the dry carbon 
used in the preceding experiments. 

327. Symb. :S, Sulphuric Acid. *H:S, Aqueous Sulphuric 
Acid. *HiS&SFe = :S'Fe and HS. Water, sulphuric acid, 
and sulphuret of iron, produce sulphate of iron and hydro- 
sulphuric acid. 

328. Phosphorus is a very inflammable soft solid, having the 
appearance and consistence of wax. It melts at 109, and boils 
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at 550 degrees. When pure it is colourless, but more com- 
monly it has a slight yellow tint. 

329. Heat bones in an open fire, a white matter remains, 
composed principally of phosphoric acid and lime; by sul- 
phuric acid the greater portion of the lime may be removed, 
and if the acid be now heated with charcoal, it removes oxygen, 
and the phosphorus is converted into vapour. This process is 
too complicated for beginners to attempt it. 

330. Phosphorus being inflamed with great facility, it ought 
always to be cut under water, and never touched directly by 
the fingers ; it gives a very severe burn when it touches any 
part of the body after it has been inflamed. When used in any 
experiment where no water is required, it ought always to be 
dried previously, by placing it between folds of bibulous paper. 

381. Put 5 grains of dry phosphorus upon a tin cup, sup- 
ported as in fig. 85, and placed upon a plate; inflame it, and 
cover it with a dry jar. The phosphorus unites with the oxygen 
of the air, and produces a solid acid, which falls down in the 
included air like flakes of snow. 

382. Put 5 grains of dry and newly kindled phosphorus into 
a jar or flask full of oxygen, and capable of containing about 
£0 ounces of water ; the phosphorus may be supported in a cup, 
and should be placed as low as possible in the vessel containing 
the oxygen. A very vivid light appears during the combustion 
of phosphorus in oxygen ; an acid compound is formed, as above. 

333. Place a thin slice of dried phosphorus (about + of a 
grain) between folds of writing-paper, and rub it briskly with 
a glass-stopple. The heat produced by the friction soon in- 
flames the phosphorus. 

884, Cut under water ten slices of phosphorus, as thin, and 
not larger than the smallest wafers. Dry them cautiously on 
blotting-paper, taking care never to touch them with the hand, 
and then transfer them from the paper to a portion of tow or 
cotton, so that they may rest near each other. The tow or 
cotton being then placed on an iron cup, and covered with a 
jar to prevent external currents, the slow combustion which 
the phosphorus undergoes produces a white smoke which gra- 
dually increases, unless the temperature be very low, and . 
ultimately the oxygen of the air is entirely consumed. Occa- 
sionally the phosphorus takes fire, illustrating what often takes 
place with other matters, as when oil, charcoal, and other sub- 
stances, gradually absorb oxygen from the air, and produce a 
slow combustion, which’ terminates after a considerable lapse 
of time in an active and violent conflagration. 

835. Melt 8 or 4 grains of phosphorus in a test tube, give heat 
till it boils for five or ten minutes, and allow it to cool. Ifa 
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sulphur match be now introduced, it may be made to rub off 
a portion of the phosphorus, the heat produced enabling the 
phosphorus to take fire on coming in contact with the air. 

336. Put 10 grains of phosphorus into an ale-glass with boil- 
ing water, and force oxygen gas upon Fig. 39. . 
it, pressing out the oxygen from a 
bag in the manner represented in the 
annexed figure. ‘The phosphorus in- 
flames under the boiling water. 

337. Heat 30 grains of phosphorus 

with 30 drops of water and 30 grains of 
aqueous potassa, in a very small retort, 
till a gas is evolved which inflames 
as it comes in contact with the oxygen 
of the air. When the gas comes 
steadily away, the beak of the retort may be placed under 
water. Every portion of gas which rises through the water 
produces a beautiful wreath of smoke as it rises in the air. The 
gas is produced by one part of the phosphorus taking hydrogen 
from the water, while the rest takes oxygen and combines 
with the potassa. As it burns, the hydrogen forms water with 
the oxygen of the air, and the phosphorus also unites with 
oxygen. 
- 888. Take a stick of phosphorus, holding it with pincers, and 
draw lines with it upon a wooden board in a dark room ; when- 
ever the phosphorus touches the wood, a portion is absorbed, 
which retains its luminousness for a long time. 


CHAPTER XIV. 


CARBON, CARBONIC ACID, CARBONIC OXIDE, COAL AND OIL GAS, 
COMBUSTION, PREVENTION OF SMOKE, VENTILATION. 


339. Carbon is the term applied to an element very abun- 
dantly distributed throughout the globe, and familiarly known 
in an impure form in the condition of charcoal, coke, lamp- 
black, and soot. It is an infusible but combustible solid, burn- 
ing freely when heated in contact with air, but remaining 
unchanged at all known temperatures when excluded from 
contact with the air and other substances. Carbon forms the 
principal part of coal, and also of all animal and vegetable sub- 
stances. Its most important compounds are those which it 
forms with oxygen, hydrogen, and nitrogen, of which all ani- 
mal and vegetable substances are principally composed, and in 
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which they are associated in an endless variety of proportions. 
Carbon is found in many different conditions, of which the 
following ought to be more particularly noticed :— 

I.-The diamond is composed of pure carbon. 

II. Charcoal consists almost entirely of carbon, and is pre- 
pared by heating wood so as to expel all the gaseous matter it 
contains. Heat a few chips of wood in a glass tube by the 
flame of a lamp, or in an iron pot placed upon a common fire, 
so long as gas and vapour dre rapidly disengaged ; charcoal is 
left, which must be excluded from the air as it is cooled, to 
prevent it from taking fire. 

III. Heat common coal in the same manner; coal gas and 
other compounds are expelled, and the carbon is left as a cinder, 
forming what is commonly termed coke. 

LV. Lamp-black is the carbon deposited from a smoky flame. 

V. Ivory-black, or animal charcoal, are terms usually ap- 
plied to carbon in the condition in which it is obtained when 
bones are heated and the air excluded. A large portion of 
earthy matter is mixed with it in this condition, and in parti- 
cular, a portion of lime uncombined with other matters, in 
addition to a large quantity of phosphate of lime. The uncom- 
bined lime is in many cases the cause of numerous peculiarities 
attributed in general to the carbon alone. 

VI. Plumbago, commonly called black lead, is composed 

principally of carbon with a small quantity of iron. 
- VII. Coal consists in general of carbon, oxygen, hydrogen, 
and nitrogen, and is considered to have been formed from de- 
cayed vegetable matter. Few traces of animal matter have 
hitherto been observed. When heated, the gases are expelled, 
and carry along with them a quantity of carbon, producing 
common coal-gas, which burns upon the coal if air be supplied 
to it, but may be conveyed, as in gas-pipes, to any distance if 
the air be excluded. Other gases are also formed. 

VIII. Splint coal has a splintery fracture. 

IX. Caking coal fuses, and forms a cake when heated. 

X. Cherry coal has a slaty fracture, and is easily broken. 

XI. Cannel coal, or parrot coal, gives much gas when heated, 
and was formerly used instead of candles. 

XII. Glance coal, or anthracite, consisting almost. entirely 
of carbon, gives no gas when heated, but burns with a fixed 
light. 

“XIII. Brown coal, bituminous wood, or surturbrand, has a 
brown colour, and resembles peat. 

XIV. Jet is another variety of coal; it is used in making 
black ornaments. Naphtha, petroleum, mineral tar, mineral 
pitch, mineral caoutchouc, and fire damp, are all composed prin- 
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) cipally or entirely of carbon and hydrogen, and considered as 
products of the decomposition of coal; substances similar to 
most of them being formed in preparing coal-gas. iy 

340. Put some fragments of charcoal in a copper cup or 

cage; heat any of them to redness ina lamp, and Fig. 40. 
introduce them into a jar, flask, or phial, contain- 
ing oxygen (fig. 40). <A brilliant combustion 
takes place, the charcoal burning with a fixed 
light. Carbonic acid gas is always formed when 
_ carbon is freely supplied with oxygen, whatever 
its source may be. 

341. In the combustion of a common fire, where 
there is a thick bed of cinders, three circumstances 
require attention :— 

I, Carbonic acid is formed below where the air first acts 
upon the carbon. | 

If. Part of the carbon of the superincumbent red-hot cinders 
takes away half of the oxygen from the carbonic acid as it rises 
through them, and 2 particles of carbonic oxide gas are formed 
by the decomposition of every particle of carbonic acid. 

IIf. The 2 particles of carbonic oxide burn with a blte 
flame as they come in contact with fresh air, producing 2 of 
carbonic acid, as an additional supply of oxygen is communi- 
cated to them. , 

These changes may be thus expressed symbolically :— 

I. C&O?=:C. Carbon and 2 of oxygen produce carbonic 
acid, 


Il. :C&C=2:C. Carbonic acid and 2 of carbon produce 2 
of carbonic oxide. 


III. 2-C&O?—=2:C. 2 of carbonic oxide and 2 of oxygen 


produce 2 of carbonic acid. 

842. In the preceding symbolic arrangements, the action 
that ensues between pure oxygen and carbon has alone been 
represented ; but this illustration being one of great practical 
importance, the precise nature of the changes as they ensue 
between carbon and oxygen, as it is associated with nitrogen in 
air, should be carefully studied as they are represented in the 
following lines :— | 

I. C&2°N?= :C&N?2. 1 particle of carbon and 2 of air pro- 
duce carbonic acid and 2 of nitrogen. | 

Il. :C&C&N? =2'C&N2. Carbonic acid and carbon, and 
2 of nitrogen, produce 2 of carbonic oxide and 2 of nitrogen. 
In this and in the succeeding stage of the process, it will be 
observed that the nitrogen, liberated at first from the air as 
represented in I., merely accompanies the other products with- 
out undergoing any change. 
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TIL. 2°C&N2&2°N2=2:C&N4, 2 of carbonic oxide, and 2 
of nitrogen, and 2 of air, produce 2 of carbonic acid and 4 of 
nitrogen. ae 8k, | | 

343. In warm weather there is much moisture in the air, and 
the hydrogen of the watery-vapour which passes through the 
fire produces with the carbon a gas, which, as it burns, changes 
a little the colour of the blue flame. The blue flame is usually 
seen most distinctly in very cold frosty weather, when the air 
contains little moisture, and when the fire presents a thick bed 
of cinders. f 


CARBONIC ACID AND CARBONIC OXIDE GASES. 


344, Carbonic acid consists of 2 particles of oxygen and 1 of 
carbon. Symb. :C. Prepare carbonic acid gas at the pneumatic 
trough, using the bottle and bent tube represented in fig. 28, 
introducing into it an ounce of aqueous hydrochloric acid pre- 
viously mixed with 2 of water, and about a table-spoonful of 
large fragments of chalk or marble, which are composed of 
carbonic acid and lime ; the hydrochloric acid unites with the 
lime, and carbonic acid gas escapes with effervescence. Symb. 
HC1&:C-Ca = HCl'Ca&:C. Two or three jars of gas may be 
collected, and a flask or bottle filled half full. 

345. Introduce a lighted candle into one of the jars ; it is im- 
mediately extinguished. : 

346. Invert another jar, and leave it without any cover for 
five or ten minutes ; then try it with the candle as before: the 
carbonic acid gas being heavy, remains in the jar for a consi- 
derable time. : 

347. Shake the bottle with carbonic acid and water, the gas 
isabsorbed. Add a little litmus in solution ; the blue changes 
toared. Boil a little of the red liquid in a flask or tube; the 
gas escapes, and the blue is restored. , 

348, Carbonic acid gas is fatal to animal life: animals intro- 
duced into it immediately die. Diluted with air to such an 
extent that respiration may be continued, it produces headache, 
oppression, dullness, and inactivity. - It is evolved by the com- 
bustion of carbon, and by respiration ; so that crowded or ill- 
ventilated apartments are extremely unwholesome, and some- 
times dangerous, from the accumulation of carbonic acid. It 
is found during fermentation and putrefaction, and accumulates 
in old wells, pits, and caverns: before attempting to enter into 
any of them, a lighted oil-lamp should be introduced, and if 
extinguished, any one entering would probably be suffocated. 
A candle is often extinguished in air vitiated with carbonic 
acid, though a lamp may burn in it, and gas burns for a short 
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time in air so contaminated that neither a candle nor an oil- 
lamp can burn in it. 

349. Carbonic oxide. Symb.:C. This is the gas that burns 
with a lambent blue flame on the top of a cinder fire. It may 
be procured most conveniently for experimental purposes in 
the following manner :— 

350. Heat 50 grains of crystallised oxalic acid in a retort 
with an ounce by measure of aqueous sulphuric acid. Collect 
the gases evolved at the pneumatic trough. The oxalic acid is 
decomposed and resolved into carbonic acid and carbonic oxide 
gases, as the hot sulphuric acid removes its water of crystal- 
lisation. Symb, :C?= :C&C. | 

351. Invert a jar of the mixed gases, and pour into it as 
much lime-water as will fill it about one-third full. Shake 
the lime-water with the gases, keeping on the cover of the jar ; 
carbonic acid gas is condensed, producing carbonate of lime, 
which renders the liquid milky. Inflame the remaining car- 
bonic oxide ; it burns with a blue flame, 


COAL AND OIL GASES, 


352. When coal, oil, tallow, wax, resin, and many other in- 
flammable substances, are exposed to heat, gaseous compounds 
of hydrogen and carbon are produced in large quantity. In an 
open fire, the gas burns as it escapes from the coal, &c.; and ~ 
an oil-lamp or tallow candle may be compared to a small gas 
manufactory, where the gas is consumed by the air as it is 
produced upon the wick. 

353. Heat by a lamp some fragments of coal in a small test 
tube ; gas is expelled, which may be inflamed. Water charged 
with ammonia and a tarry matter may also be seen as the heat 
is continued ; coke is left in the tube. 

354, When coal contains sulphuret of iron, hydrosulphuric 
acid gas is also formed, which is removed by lime. Ammonia 
is condensed by acids ; and sometimes, instead of the more com- 
mon acids, fatty matters are employed, many of which are 
regarded as peculiar acids. 

355. The gaseous compounds of hydrogen and carbon are 
usually called carburetted hydrogen gases. The more they 
abound in carbon, the richer the flame they produce as they 
burn. Hydruret of carbon is more valuable than the bihydruret, 
and is found in larger quantity in oil than in coal gas. Their 
composition may be seen in the table, page 23. 

356. The products of the combustion of carburetted hydro- 
gen gases are carbonic acid and water, the nitrogen of the air 
being separated, 
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357. Hydruret of carbon acts on 3 particles of air; carbonic 
acid and water are formed, and 6 of nitrogen separated. Symb. 
HC&3'N2 = :C& H&6N. 

358. Bihydruret of carbon consumes 4 particles of air, pro- 
ducing 1 of carbonic acid and 2 of water, 8 of nitrogen being 
detached. Symb. H2?C&4:N2= :C&2°H and 8N. 

_859. The flame of a common lamp or candle is pro- pig. 41. 
duced by the gas formed around the wick acting upon 
the oxygen of the air; it is confined solely to the ex- 
terior portion of the ascending gas. In fig. 41, aa de- 
notes the part ina state of combustion. All without 
is merely heated air, or the products of combustion ; 
and all within is unconsumed gas, rising in its turn to 
affect the oxygen of the air. 

360. Ifa glass tube be introduced within the flame 
of a large lamp or candle, in the manner represented 


in fig. 42, part of the unconsumed gas passes through " 

it, and may be kindled as it escapes. With a tube 1-4th of an 

inch in diameter, and a foot long, this is very easily shown ; 

the wider the tube the better, if the flame be sufficiently large. 
Fig. 42. 


861. Fig. 43 shows a section across the flame, with the posi- 
tion of the tube. 

362. The nature of flame is beautifully illustrated by hold- 
ing over the flame of a candle, or of a large stream of gas, a 
piece of wire gauze 6 or 8 inches square, with about 1000 
meshes in the square inch. The flame is intercepted, and 
appears only below the gauze, a tube of flame appearing ex- 
- panded as it reaches the gauze. ‘The unconsumed gas rises 
through the gauze, and if a lighted match be applied, it burns | 
on the upper side; the appearance is then presented, as seen 
in fig. 44, 


1 


78 SIR H. DAVY’S SAFETY-LAMP. 


363. A white heat is required to cause the combustion of com-_ 
mon gaseous matter in most cases with flame, Fig. 45. 
and an intense heat is equally produced by the 
combustion of gas with flame. If flame be pro- 
duced on one side of wire-gauze with small 
apertures, the metallic wires of the gauze being 
always kept cold by the surrounding air, any 
burning gaseous matter coming in contact with 
it is so much cooled, that it soon ceases to burn, 
and is incapable of inflaming unconsumed gas (- 
on the other side, after it shall have passed the |;~------- ; 
gauze. o> ’ 

364. Fig. 45 represents the miner’s safety- 
lamp, invented by Sir H. Davy, where a com- 
mon lamp is surrounded with wire-gauze. In 
coal-mines, the atmosphere frequently becomes 
explosive, from the large quantity of bihydruret 
of carbon, the fire-damp of miners, which escapes 
from the coal as it is worked, and a lighted 
candle would instantly detonate the mixture. 
But with this lamp, though the explosive mix- 
ture may enter within the gauze and burn 
there, the flame within cannot set fire to the 
explosive mixture without, so that the miner 
has time to escape. If the current be strong, — 
however, and the wire much heated-at any one 
point by the flame being directed continually 
upon it, then it is apt to pass through the gauze, 
and set fire to the explosive mixture in the 
mines. 

365. The intensity of light produced during @qx¢etHF3} S 
the combustion of any gaseous matter, depends ~?>———— 
much upon the manner in which the gas is con- 
sumed. In producing a highly luminous flame, 
attention should be paid to the following cir- 
cumstances :— | 

I. The combustion must be made to take place in such a 
manner that an intense heat is produced. 

II. The gas, as yet unconsumed, is decomposed by the heat, 
and much solid charcoal is separated and suspended in the 
flame for an instant. A . 

III. This charcoal must be intensely heated, so as to be con-. 
sumed, Any unconsumed charcoal gives a yellowish tinge to 
the flame, and, if in large quantity, is deposited ultimately in 
the form of soot. 

366. In an argand burner, fig. 46, the intensity of the heat 
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isaugmented by causing air to enter in the middle of a circular 
wick or series of gas jets, so that more gas is consumed within 
a given space than in the ordinary manner. Thus, in fig. 47, 
-a section of the argand burner fig. 46, it will be seen that the 
surfaces of the burning gas aa, aa, are very near, so that the 
interposed gas is heated much more than when these surfaces 
aa are distant, fig. 48. Much carbon, therefore, is precipi- 
tated, and becomes intensely luminous before it is consumed. 


Fig. 48. 


367. If the aperture by which air is admitted into the inte- 
rior of the flame be closed by a piece of paper, the flame 
represented in fig. 46 immediately assumes the form shown in 
fig. 48; part of the supply of air being cut off, it extends 
farther into the air before it meets with the oxygen necessary 
for combustion. The heat is accordingly diffused over a larger 
surface, and becomes less intense; @ and @ are more distant 
from each other ; a smaller quantity of carbon is deposited, 
less gas being decomposed, and even that which is separated 
being less intensely heated, much of it is unconsumed, and 
produces a dingy and imperfect flame. 

368. The most perfect form of burner is seen in the flat gas 
jet, fig. 49, where two opposing currents of gas meeting each 
other, flash into an extremely thin sheet of gas, which extends 
in an opposite direction to the currents which produceit. Fig. 
50 isa section of the same jet, the side of the flame being turned 
towards the eye. Here, the gas on one side being so extremely 
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near that on the other, all the conditions are fulfilled which 
are necessary for intense heat and light. 

369. In the bat-wing burner, a similar but less perfect com- 
bustion is induced by causing the gas to issue from an open slit 
in the head of the burner. 


Fig. 49. Fig. 50. 
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370. For some purposes where gas is used, it escapes with 
too much force to be employed conveniently, as in experiments 
with the blowpipe. By placing over. it a small brass tube, fig. 
51, covered with wire gauze, a better flame for Fig. 51. Fig. 52. 
this purpose is procured. 

371. If air be mixed with gas before it is - 
inflamed, as by allowing it to rise ina tin chim- _ 
ney, to which the air has free access on every 
side, wire-gauze being placed over the top of 
the chimney, a flame is produced which is not 
more luminous than that of a spirit of wine 
lamp, and produces no smoke. Fig. 52 illus- 
trates the arrangement adopted. It is easy in 
this way to procure a flame from an inch to a 
foot in diameter. Burners of this kind have been oy used 
of late for the steady application of heat, both for domestic 
purposes and in the laboratory of the chemist. 

372. Fig. 53 represents the roasting burner, in the manner 
it is manufactured by Mr Milne of this city 5 ; it consists of a 
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circular tube, from which numerous jets of gas escape, the 
meat being placed upon the upright spit in the centre. 


FURNACES, FIRE-PLACES, VENTILATION.” 


373. If a fire be kindled in the middle of a room (fig. 54), 
the door, windows, and chimney, being completely closed, the 
air at the fire-place expands, and becomes lighter, bulk for 
bulk, than the rest, which descends and flows under it, pushing 
it upwards in the same manner as water poured into any vessel 
with a cork at the bottom, sinks under the cork, and floats it 
as it insinuates itself below it. A perpetual circulation thus 
goes on so long as the heat is continued, all the air being in 
time involved in this movement, cooling and sinking on the 
exterior, while fresh quantities are continually expanding as 
the heat affects them. 


Fig. 53. 
| 


574, If a fire be kindled in an apartment or chimney, close 
below but open above, a current of warm air ascends, the 
cold air descending at the sides and forcing it Fig. 56. 
uP, _ that the air is continually renewed ;- see 

g. 55. 

375. When a fire is heated in a chimney open 
below and above, the air moves quickly, the 
warm air in the chimney being pushed up ra- 
pidly by the external cold and heavier air, fig.56. 

376. When two chimneys are connected to- 
gether by a fiue (fig. 57), and a fire kindled in w 
one of them, the air ascends in the one with the ppd Nl 
fire, being pushed upwards by the cold air HS 2 ie bine 
which descends through the other. A similar arrangement is 
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adopted in ventilating numerous mines; the horizontal part of 
the figure may represent that part of the mine which is worked, 
and the perpendicular portions the two shafts which lead to the 
mine, the air descending in one and rising in the other. 


As 


\\ 
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377. In fig. 58 the currents are represented as they occur in 
a common fire-place. Air enters by the doors or windows. 

378. Fig. 59 illustrates the currents in a furnace. There, 
the space left open in a common fire-place being closed, a more 
intense heat is produced, as no air escapes into the chimney 
which does not pass through the fuel and contribute to the 
combustion. | a 

379. Wherever air continues to escape, fresh air must have 
free access to the apartment. When the doors and windows fit 
so tightly as not to admit of this, then some aperture must be 
made for this purpose alone. Fig. 60 represents a mode which 
has been occasionally adopted for this purpose, one chimney 
leading in a descending current of fresh air, while by the com- 
mon chimney it is carried away. 


Fig. 60. Fig. 61. 


\\ 


880. When air is not admitted by this or some other arrange- 
ment, cold air descends in the chimney, entangling and carry- 
ing down some of the ascending warm and smoky air, and in 
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such cases the room necessarily smokes ; two currents, accord- 
ingly, an ascending and a descending current, perpetually affect- 
ing and interrupting each other, may be seen in all such vents, 
(See fig. 61.) 


THE OPEN FIRE. 


881. The general nature of the open fire-place will be suffi- 
ciently understood from the preceding illustrations. When 
properly supplied with air, there is no return of smoke, and 
the warmth it affords depends solely upon the heat which it 
radiates, unless it be conjoined with arrangements such as give 
it in some respects the character of a stove. This combination 
is not uncommon, the open fire being sustained in an iron frame, 
from which the consumed air is carried away by an iron pipe 
or tube traversing the apartment to be warmed, and commu- 
nicating, accordingly, a considerable amount of heat, which, 
under other circumstances, would have passed away by the 
chimney. . 

3882. Independently of the cheerful appearance presented by 
the open fire, it is distinguished by the purity of the heat it 
affords, and the constant circulation of air it maintains in the 
apartment in which it is placed. The less the quantity of 
metal, the greater the heat projected into the room. With 
large metallic bars and plates a great quantity of heat is con- 
tinually withdrawn by conduction, as the air which passes by 
_ them ascends in the chimney. Sometimes polished brass plates 
are used with advantage at the sides of particular fire-places, 
to reflect into the apartment any radiant heat which may fall 
upon them. Grates are almost invariably placed too high ; 
branders supporting the fire should be on a level with the floor, 
and the ash-pit sunk below it. 

383. The term draught is usually employed in reference to 
chimneys; and when air passes through them quickly, they 
are said to draw well. The movement begins with the expan- 
sion of the air in contact with the burning fuel, and the farther 
movement of the air depends upon the colder and heavier air 
meeting with less resistance than before from the expanded 
and lighter air in the chimney ; and the greater the difference 
between the specific gravity of the external air and that in the 
chimney, the more rapidly does the movement go on, or, in 
common language, the better does the furnace draw. 

384. If the smoke from a common fire be not carried up the 
chimney, and if there be sufficient air allowed to enter by the 
doors or windows, then, by closing the aperture between the 
top of the fire and the chimney, so that no air can have access 
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to it except through the fuel, the smoke may in general be 
prevented from returning, for, by excluding the entrance of 
cold air above the fuel, the gaseous products in the vents are 
maintained at a higher temperature, and have consequently a 
greater ascending power. 

385. The smoking of a fire may arise from a great variety of 
causes, among which may be more particularly enumerated :— 

386. I. Interruption to the discharge, arising from too small 
a vent, or from the action of a current of air striking with force 
upon the chimney top. A moveable cowl which turns with 
the wind, often affords the best protection in such cases. Where 
the vent terminates below a high wall, from which the-wind 
is reflected back upon it, producing a return of smoke, it is 
often necessary to carry the vent above the wall, that it may 
be beyond the influence of such currents. 

387. II. The operation of currents in other apartments 
more or less distant. For example, if the external doors and 
windows of a house be so closely fitted that little or no air can 
enter by them, and if they should all be closed at the same 
time, while a large and powerful fire is maintained in any one 
apartment, as in the kitchen, it is obvious that air must descend 
through the smaller chimneys, even though fires be kindled in 
the fire-places connected with them, the great ascending power 
produced by the large fire in the kitchen overcoming all the 
minor draughts in the other apartments, and drawing air down 
through them, which, after producing an offensive smoke in 
them, and finding its way through the passages, arrives at the 
kitchen. The obvious remedy in this case is to admit air freely 
to the passages or to all the individual apartments. 

388. It cannot be too particularly remembered, that air in - 
contiguous apartments may be compared to materials poised. 
with the most scrupulous care in the most delicate and sensible 
balance, and that air within any apartment stands in the same 
relation to the external air, other circumstances being the same. 
When, from expansion induced by heat, or any mechanical 
impetus produced by the wind or any other cause, an increase 
of pressure is induced at one place, or a diminution at another, 
a movement in the air is the necessary consequence, and this 
ensues as certainly as a disturbance in the equilibrium of the 
pans of a nicely adjusted balance, when an increased weight is 
communicated to one, or a portion removed from the other. 

389. Again, though smoke and heated air always tend to 
ascend, they may in numerous cases be very advantageously 
forced to take a descending movement in the first instance, 
where particular cireumstances render it desirable that the 
surface of the fuel should be exposed, or when an ascending | 
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flue cannot be conveniently procured. In all arrangements of 
this kind a large flue or chimney is provided at first, in which 
all the smaller descending branches are made to terminate ; and 
the air in it being heated, it draws downwards, horizontally, 
upwards, or at any inclination, the air from all the apertures, 
and through all the branches that lead into it, provided it be 
sufficiently large. 

390. It would be a great security against fire, and ensure a 
much more agreeable atmosphere, if all houses, whatever might 
be the number of apartments, were provided with one large 
chimney alone, all others leading into it. It would not then 

be difficult to prevent smoke in any ordinary atmosphere, the 
ascending movement from all the chimneys producing great 
strength in the current, so that it would resist any sudden gust 
of wind, such as would blow down any individual branch or 
small chimney, if left alone to contend against it. Some build- 
ings are now In progress where numerous apartments are to be 
provided with flues according to this arrangement. 

391. The two following figures illustrate the general arrange- 
ments adopted where many flues terminate in one large shaft 
or chimney, and should be studied carefully till the movement 
of the air in each individual compartment shall be distinctly 
understood ; they represent some of the principal flues and 
furnaces attached to the large chimney in the centre of a che- 
mical class-room, and the manner in which they enter in on 
every side, above and below ground ; the arrows point out the 
course which the different currents take till they reach the 
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central chimney. In some extensive manufacturing establish- 
ments, from 100 to 200 furnaces often play into a single chim- 
mey, which may be seen occasionally at some distance, and 
rising alone in an adjoining field, underground flues conveying 
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all the smoke to it. Such chimneys are often carried to a great 
altitude, in order to remove noxious fumes to a distance. 

392. To the right, in fig. 62; a smith’s forge is first observed ; 
then a reverberatory furnace, where the flame dashes over the 
material to be heated ; and then another furnace for miscella- 
neous operations. Below, and in the middle, a furnace is placed 
to heat the superincumbent iron sand-bath plate, evaporating 
basins being put there, while noxious fumes are carried away 
by the aperture represented. Above is another plate of a similar 
form, from which a more moderate heat is procured. A glass is 
also represented resting on a projection, and before an aperture 
-in the. chimney, so that offensive gases from it are rapidly 
withdrawn. ‘To the left, the first furnace observed is used for 
operations where an intense heat is required; the large open 
space above the fuel allows all the consumed air to escape with 
rapidity, and fresh air to enter. A furnace, with an earthen 
vessel called a muffle, is next seen; it is used in refining gold 
and silver. A blast furnace for melting iron is observed at the 
extreme left; the air, instead of entering through furnace bars, 
being propelled by a fanner turned two thousand times a 
minute by a steam-engine. . 


Fig. 63. 
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393. In fig. 63 the other section of the same chimney is 
shown, illustrative of the arrangements adopted in several of 
the furnaces with descending flues, and of the manner in which 
fumes are carried off in numerous operations where the pheno- 
mena could not otherwise be so easily shown, without injury to: 
_ the operator and.those around him. 

394. On the extreme right four apertures are seen for this 
purpose, which are used with different kinds of apparatus. ‘The 
retort which follows rests upon a few cinders mixed with char- 
coal, the air descending as in the other flues, while the receiver 
is kept cold by the rapid current of air descending on every 
side. In the next figure the experimenter is supposed to be 
introducing antimony or arsenic into a vase of chlorine sur- 
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rounded by a glass chimney, and adjoining the chimney there 
is a large glass ventilator used for numerous experiments ; 

naphtha i is represented burning in a cup, the flame descending 
upwards of 12 or 18 inches. On the left hand, two furnaces 
are seen, well adapted for showing some crucible operations 
which require to be watched as they advance, and between 
them is observed a section of the circular rb. by which the 
practical class-room is heated ; it is about 3 feet in diameter, 

with a cireular vent in the middle about 10 inches in diame- 
ter, which carries away the products of combustion ; with a 
less powerful chimney than that into which it plays, the dia- 
meter of the vent would require to be 2 or 3 inches greater. 
Coke is usually employed in this fire-place, and the chimney 
is generally concealed from view by a wreath of blue flame, 
which descends within it, being produced by the combustion 
of carbonic oxide formed as described in page 74. 

395. In the open fire, wood, charcoal, coal, or coke, may be 
used according to circumstances ; some varieties of coke, how- 
ever, and also the anthracite coal, do not burn unless the fuel 
be subjected to a powerful heat by constructing the fire-place 
so as to leave a very small portion of it exposed to the air. 

396. In the arrangement adopted by Mr Adams of Falkirk 
for heating any apartment, the fuel is economised, and the 
air warmed as it is introduced. Fig. 64. 

Cold air descends by a (fig. 64), 
and is heated by coming in con- 
tact with the back of the grate in 
the air chamber 0; from it a small 
portion is allowed to enter near 
the fire by numerous openings, and 
the rest passes into the apartment. 
along the floor; or, where this 
cannot so conveniently be done, it 
may be introduced above as at d, 
or at a little distance from the 
chimney. It is obvious, however, 
that it is not necessary that any of 
the ai should pass directly from 
the air-chamber to the fire-place ; 
if all of it be made to pass into the room, it must soon find its 
way into the fire-place, from the expansion produced there as 
the combustion proceeds. 
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397. The stove is very different in many respects from the 
open fire, but more particularly from the circumstance that 
heat is communicated by it to the surrounding air largely by 
conduction, as the air comes in contact with it, independently 
of that portion which is radiated, whatever its temperature 
may be above that of the contiguous atmosphere. 

398. Stoves are usually made of earthenware or of iron. The 
latter is generally preferred in this country, and iron stoves. 
may be divided into different classes, according to the tempe- 
rature to which the air in contact with them is exposed. The 
higher the temperature of the stove, the less pleasing is the 
quality of the air that comes in contact with it. Minute par- 
ticles of dust or of any other substances are often scorched 
and rendered offensive by it, while in extreme cases a portion 
of the oxygen of the air must be removed; the more intense 
the heat, the less is the amount of heating surface necessary, 
but when stoves are heated to redness, the air proceeding from 
them is apt to ascend at once to the ceiling of the apartment 
into which it is introduced, and to remain stationary there, 
while a comparatively cold atmosphere is observed below. The 
great object at all times should be to construct a stove with a 
very extensive heating surface, and to cause it to operate upon 
air before it enters the apartment to be heated, so that the 
ereat mass of heat it communicates may be delivered on the 
floor. If the lower stratum of air be warmed, that above is 
certain to be warm also; but the air may be very warm above, 
without any sensible warmth being communicated to that por- 
tion which is below, and which comes in contact with the 
person. 

399. Stoves are made of the form represented in fig. 65 in 
many parts of northern Europe, especially in Sweden, Russia, 
and Prussia. ‘The fire rises to the top of the large apparatus 
employed, which is commonly made of earthenware: it then 
descends on one side, rises again on the same side, and passes to 
the other, where it descends and ascends as at first, after which it 
proceeds to the chimney. Fig. 66 indicates the various turns 
_in the flues; and in fig. 67 a ground plan is given, the letters 
ABCDEF showing successively those communications through 
which the consumed air and smoke pass in the interior before 
the principal part of the heat is exhausted, after which they 
escape to the external air. A damper regulates the supply and 


* For a description of hot-water apparatus, see ‘* Communication of Heat.” 
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escape of consumed air. A large surface is thus exposed to a 
very moderate degree of heat, and gives with great economy a 
mild and agreeable temperature. 


Fig. 66. 
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400. In many stoves, and more particularly in those in which 
air is warmed at a distance from the apartment to which it is 
to be conveyed, the heated air is produced by allowing cold air 
to enter between the inner case containing the fuel and an 
outer case; the air is warmed as it passes, and may be conveyed 
by pipes to a-distant apartment. The smoke is led into a 
chimney by a separate tube. (See fig. 68.) — 

401. Dr Arnott estimates that three-fourths of the heat pro- 
duced in a common fire-place is wasted or carried away by the 
chimney, and has proposed to employ an earthenware furnace 
enclosed in an iron box, so that a much larger portion of heat 
shall be obtained from the fuel, apertures being made in the 
iron chamber to regulate the currents of air. A great saving 
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of fuel has been effected in this manner. Fig. 69 shows the 

general arrangement. Numerous stoves have been constructed 

in this manner; and where the air is admitted with sufficient 
Fig 63. Fig. 69. 


freedom at first, so as to produce carbonic acid, while the pro- 
ducts of combustion are conveyed to a chimney where the draft 
is sure and certain, they are found to work well and prove 
very economical. If, however, the chamber for the fuel be 
overloaded, and the supply of air much too limited, carbonic 
oxide gas is apt to be generated, and in some cases even to 
explode, as it mingles with the air. Coke alone, or anthracite, 
can be used in these stoves. 

402. Again, in stoves where the heat is exhausted to so great 
an extent from the products of combustion, the ascending 
power in the chimney is small, and a returning draught is apt 
to take place, unless great attention be paid to the state of the 
currents. 

403. It will also be observed that they do not ventilate or 
change a large amount of air, as in the common fire. Ventila- 
tion, accordingly, where they are used, must be provided by 
independent means. 

404. The most certain method of providing securely against 
the evolution of noxious gases where such stoves are used, con- 
sists in arranging them so that they shall be absolutely air- 
tight within the apartment in which they are, the fresh air 
_ being introduced into the stove by an iron pipe from without, 
in the same manner as the chimney is attached for removing 
foul air. 


FURNACES. 


405. In all cases where a strong heat is required, all apertures 
leading into the chimney above the place where the fuel rests, 
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ought to be closed; and any of the apertures leading into the 
chimney from any furnace not in use, must also be shut, other- 
wise cold air rushing in by them reduces the temperature of 
the warm ascending current, and consequently reduces also the 
temperature in those furnaces in use, by preventing so rapid a 
consumption of the fuel. The general arrangements adopted in 
furnaces. contrasted with those required in the open fire, are 
shown in figs. 58, 59, page 82. 

406. If a single furnace be required, perhaps none will be 
found more generally useful than that represented in figs. 22 
and 23. Another form is sometimes adopted (fig. 70), where 
it is not necessary to adapt it for iron bottles with attached 
tubes for the preparation of oxygen and other gases; if the 
flue be carried from 10 to 20 feet high, or be led into another 
chimney, it produces great heat. The numbers express the 
size in inches. 

Fig. 70. Fig. 71. 
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407. Dr Black’s portable furnace (fig. 71) is much used, and 
consists of a case of stout sheet-iron lined to the thickness of 2 
or 3 inches with a very infusible clay or earthy composition. 
Above is an aperture for an iron pot to contain sand, and other 
openings may also be observed for introducing tubes and diffe- 
rent kinds of apparatus. The pipe carrying away the smoke 
must be prolonged, or connected with a chimney. 
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408. All furnaces where a steady and regulated temperature 
is required, must be provided with ash-pit doors, by which a 
fixed and steady supply of air can be admitted, and regulated 
so as to produce a powerful or moderate heat. By cutting off 
altogether the supply of air, the combustion of the fuel may be 
entirely arrested. 

409. Where many furnaces play into one chimney, if it be 
not sufficiently large, only part of them ought to be used at 
the same time. 

410. Besides those furnaces in which the supply of air is 
maintained by a chimney, there are numerous varieties where 
the combustion is supported by the action of air propelled by 
a powerful bellows or some other mechanical power. The 
smith’s forge affords the most familiar example of this kind of 
furnace. The cupola is another modification much used in 
melting iron. In the smelting furnace, which is used on the 
large scale in reducing iron and other metals from their ores, a 
powerful engine is employed to force in the large supply of air 
required, in cases where upwards of a hundred tons of mate- 
rials may be often observed at a red heat at the same time. 

411. Small portable furnaces, called chauffers, are found 
very convenient in numerous operations where heat is required ; 
they may be made from 8 to 6 or 8 inches in diameter, and 6, 
8, or 10 inches deep. A chimney put over them increases the 
heat (fig. 72.) Tubes are often heated with them in the man- 


Fig. 72. Fig. 74. Fig. 75. 


ner shown in figs. 73 and 74. Occasionally small crucibles are 
perforated and used as chauffers (fig. 75.) / 

412. Chauffers are usually filled with red-hot cinders or — 
charcoal, Wood heated in a common fire till all flame ceases, 
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gives excellent charcoal for this purpose. When the chauffer 
is very small, charcoal alone is employed. 

413. With 20 or 24 bricks, and a few small slips of narrow 
hoop iron, a chauffer or small furnace may be constructed in a 
few minutes, capable of giving a good red heat, where the 
usual facilities for operating are not to be obtained, and where 
a common fire is not accessible. Suppose Fig. 76. 
the bricks to be 5 inches broad and 10 
long, 3 are laid side by side as in fig. 76, 
and 3 more in the same way, and oppo- 
site to the first, at the distance of 4 
inches. The slips of iron are placed in 
the middle to support the fuel, and one | 
or two courses of bricks laid above them, so as to leave an 
aperture 5 inches square. If the bricks be laid with mortar or 
clay, the current of air will be still stronger, and the heat 
greater. By using small pieces of charcoal, the heat may be 
moderated so as to be employed with flasks and retorts, as well 
as crucibles. 


PREVENTION OF SMOKE. 


414. In ordinary apartments, the prevention of smoke sig- 
nifies rather the actual discharge of such smoke as may be pro- 
duced in the fire-place by the chimney, than the regulation of 
the process of combustion in such a manner as to avoid in a 
great measure, if not altogether, its production. This discharge 
may be secured by attending to the illustrations given in the 
description of fire-places, stoves, &c., and in the succeeding 
paragraphs on ventilation. The remarks in the following para- 
graphs apply to different points not included in other chapters, 
but which require minute attention where it is a great object 
to prevent the production of smoke. 

415. In the common fire-place, the amount of smoke pro- 
duced may be diminished by regulating the amount of fuel 
with greater care than is generally taken, supplying it at more 
frequent intervals when particular kinds of coal are used which 
do not allow a large charge to be consumed slowly and equally, 
and by arranging it so that the air shall have free access to the 
smoke and gas as they are evolved; should they become cold 
before they mingle with the air, it is impossible to ensure their 
combustion by any convenient process. 

416. When fresh coal is placed on a very warm fire in full 
combustion, it removes much heat from it in the first instance, 
that heat being consumed in producing gas and expelling the 
various matters that are discharged either in this condition, or 
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mechanically suspended in the gases. The word smoke, there- 
fore, indicates an ever-varying mixture, in which the following 
substances more particularly may be traced :— 

I, Bituminous matter mechanically suspended in the gaseous 
products, containing numerous oily and resinous compounds. 

If. Carbon also mechanically suspended, and produced prin- 
cipally by deposition from part of the carbureted hydrogen 
gases decomposed by the heat to which they are subjected. 

“iI. Unconsumed carbureted hydrogen gases. Those por- 
tions that are consumed produce flame. 

IV. Carbonic acid gas, formed by the carbon and the oxygen 
of the air. 

V. Carbonic oxide gas, formed by the imperfect combustion 
of part of the carbon. 

VI. Nitrogen gas from the air. 

VII. Unconsumed oxygen in variable proportion. 

VIII. Watery vapour, produced by the hydrogen of the coal 
and oxygen of the air. 

IX. Ammonia, a compound of nitrogen and hydrogen, formed 
as the coal is decomposed. 

X. Sulphurous acid gas, formed by the combustion of sul- 
phur in the coal with the oxygen of the air. 

417. In large furnaces, where intense heat is required, or 
at all events. a very great amount of heat, as in steam-boiler 
furnaces, much smoke is often produced, from the ineffectual 
manner in which the combustion is carried on. The gaseous 
products, in particular, are not consumed, being supplied in 
general not with fresh air or oxygen, but rather with carbonic 
acid, carbonic oxide, and nitrogen gases, which result from the 
action of the air upon the cinders that constitute the lower 
stratum of inflammable matter, through which the air has to 
pass before it can gain access to the coal. The only effectual 
method of preventing smoke in these cases consists in admitting 
air in such a manner, and in such quantities, as to consume the 
whole of the inflammable gaseous products; many peculiar 
adjustments are required for this purpose in each individual 
furnace, according to the nature of the fuel used, and the con- 
struction that may be necessary for the peculiar purposes to 
which it may be applied.* | 

418. In manufactories, the combustion of the carbonaceous 
and other inflammable matters in smoke is not always desir- 
able, a deoxidating power being required, which is essential in 
some operations. In all other cases, the more perfect the com- 


* Those who are particularly interested in this subject may consulé Mr Wil- 
liams’s Treatise on the Combustion of Coal, and also a work on Ventilation, 
Respiration, Combustion, &c., by Dr D. B. Reid. 
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bustion, the greater the amount of heat produced from the fuel 
used. 

419. When the gaseous products discharged from any fire or 
furnace are invisible, the combustion may in general be pre- 
sumed to be complete; this is not always a correct conclusion, 
however, as the invisible carbonic oxide is often evolved, indi- 
cating, where it can be detected, a deficiency in the supply of 
air. 

420. Steam applied to carbon or smoke evolved by imper- 
fect combustion, is decomposed when it approaches them at 
a sufficient temperature, forming with the carbon the invisible 
carbonic oxide and carbureted hydrogen gases; unless these 
meet with abundance of air, and be sufficiently heated, they 
are not consumed. 


VENTILATION. 


421. The process of ventilation consists in the renewal of air 
in any apartment, so as to ensure the expulsion of all offensive 
products developed by respiration, combustion, or in any other 
way, and particularly carbonic acid, watery vapour, and efflu- 
vie evolved either from animal or vegetable substances, or pro- 
duced by chemical or other operations in buildings applied to 
manufacturing purposes, in mines, or any situation where the 
most free, direct, and open communication does not exist 
between it and the external air. 

422. In the great theatre of the globe itself, natural ventila- 
tion is sustained by the varied currents induced in the atmo- 
sphere, which not only tend to prevent stagnation in any 
individual place, but also to maintain a great movement conti- 
nually in operation, by which the warmer air of the equatorial 
regions is conveyed to the temperate and polar regions, while 
they return a denser and colder atmosphere, which is again 
heated and circulated in the same manner as before. This vast 
movement in the atmospheric ocean is not supposed to be de- 
termined solely for the purpose of moderating the extremes of 
heat and cold, see par. 181, but it has also been considered that 
the luxuriant vegetation in the brilliant sunshine of warmer 
climes produces generally a purer air, and, in particular, absorbs 
much of the carbon of the carbonic acid which is found in mi- 
nute quantity in the air in every part of the globe, and evolves 
oxygen in its place; thus giving to the temperate and polar 
regions a purer atmosphere than they would otherwise possess. 

423. In the process of ventilation, the principal points that 
demand attention are the following :—The ingress and egress 
of air, and the nature of the moving power; the amount of 
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supply required ; the source from which the air ought to be 
taken ; the filtration and purification of the air; the warming 
or cooling of the air; drying and moistening; the degree of 
diffusion that may be required; the discharge of the vitiated 
air; and the exclusion of all offensive products from drains or 
other sources which might be liable to injure the usual source 
of supply. 

424, In all ordinary cases, the movement in the air required 
for ventilation may be sufficiently developed by natural causes, 
if one opening sufficiently ample be left for the ingress of air, 
and another of the same size be provided for its exit ; a mecha- 
_ nical power may be used in particular situations, but the heat 
of the body, of lamps, candles, coal gas, fire-places, and fur- 
naces, when in full operation, will be found sufficient, under all 
ordinary circumstances, to command the required movement. 
Mistakes productive of the most injurious consequences arise 
in general from the imperfect arrangements of the moving 
power, and from the supply of air being totally inadequate in 
numerous cases where many persons are crowded together in 
public assemblies. In extreme cases, where many people crowd 
closely upon each other, it has been found that there is in 
general one man upon each square foot, or two boys, the 
average age of the latter varying from seven to fourteen. It 
is rarely, however, that such dense crowds are observed, except 
upon a very limited area. . 

425. The air ought not to be taken from the surface of the 
ground, especially in damp situations or in cities, as the air 
there is often loaded with foul exhalations, Neither ought it 
to be taken in at the level of the chimney tops in streets, nor 
at any particular height where the opening by which it may 
have to enter is on a level with any other from which offensive 
fumes are evolved. 

426. The amount of air required for each respiration may be 
estimated at twenty-two cubic inches for an adult; but as it is 
expired, it mixes with and contaminates so much of the con- 
tiguous air in confined apartments, that twenty cubic feet per 
minute are not considered too large a supply in warm weather. 
The higher the temperature, and the more largely the air is 
charged with moisture or any other extraneous matter, the 
more is required for respiration. Damp air arrests insensible 
perspiration ; very dry air-promotes it, and feels offensive from 
the rapidity with which it absorbs moisture. In winter, in 
situations where not more than one or two cubie feet per 
minute are given to each individual, ten, fifty, and one hun- 
dred, are frequently given with advantage in summer. Were 
the expense of warming, moistening, and drying the air not 
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considerable, it would be proper to give a much larger supply 
in numerous cases than is generally allowed. In the same 
individual, also, great diversity is observed in the amount of 
the air that is most agreeable, not only from the state of the 
external atmosphere, but also according to the condition of the 
system, the nature of the temperament, the occupation that 
may principally engage attention, and the period at which any 
refreshment may have been taken. 

427. In numerous situations, more especially in populous 
cities, and in the vicinity of certain manufactories, or where 
particular natural impurities may be observed, much may be 
done, by filtration through cloths, to purify the air from im- 
purities mechanically suspended in it, to condense sulphurous 
and other acids by lime-water, and to destroy peculiar conta- 
gious or other deleterious ingredients by the action of heat, 
acids, chlorine, and other chemical agents. 

428, In warming air, the great object should be to heat the 
whole of the air in any apartment moderately, and to avoid 
local currents as much as possible. Air may be obtained com- 
paratively cool by providing various apertures from which it 
may be taken, according to the circumstances of the moment ; 
if these be placed so that air can always be taken from the 
shaded side of a house, and also cooled by the evaporation of 
water, spread out upon an extensive surface in vaults which 
the sun never penetrates, a very considerable reduction of 
temperature may be secured. 

429. Moisture is communicated with facility to the air by 
the evaporation of water. It is required more particularly 
when cold air that has previously deposited its moisture is sub- 
jected to the action of heat. Lime is much employed in par- 
ticular places for drying air; a few lime-shells placed in a 
damp apartment will in many cases remove moisture so freely, 
that it may be occupied without those injurious consequences 
which it is otherwise apt to induce. 

480. Air cannot be admitted by too many apertures in 
crowded assemblies, or even in private dwelling-houses. When 
it is admitted by one or a few apertures only, it produces local 
currents such as have been so frequently referred to in the 
preceding chapters. In some apartments lately built, the walls 
and floor have been constructed of porous materials, so as to 
give the greatest diffusion possible, and, consequently, the op- 
portunity of introducing large supplies of air with the least 

possible impetus. In class-rooms, churches, and other places 
where fixed benches are constructed for each seat, each individual 
may be supplied with fresh air for his own consumption, instead 
of respiring that which in numerous cases has in part been 
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respired previously by other persons. The diagram shows the 
general progress of the air in a public hall supplied from the 
floor alone, the air escaping Fig. 77. 
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from an air-chamber immedi- 
{dspoegaied 


ately below the floor, in which 
Fe wr 


it can be heated to any tempe- 


rature that may be required. 
The warmer the air, and the 
smaller the apertures by which 
it is admitted, the greater the 
amount that can be introduced 
in a given time without pro- 
ducing an offensive impetus on 
the person. 

431, The diffusion of the air 
introduced forms one of the most important features of syste- 
matic ventilation, and becomes more and more imperative ac- 
cording to the crowded state of the apartments to be ventilated. 
Fig. 78 illustrates the general arrangements introduced for.the 
ventilation of the present House of Commons, those that prevent 
the ingress of dust not being represented ; 50,000 cubic feet per 
minute are frequently given in this house in very sultry and op- 
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pressive weather. The air in the chimney having been heated 
powerfully and expanded much by the furnace k, cannot oppose 
the colder air in the apartment, which accordingly presses it 
upwards, and is forced in the same course in its turn: fresh air 
accordingly descends at a, and passes by 8, c, through the aper- 
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tures in the floor, rising in a slow but constant stream to the 
roof, whence it is conveyed to the chimney. Valves are placed 
so as to allow the rapidity of the current to be regulated accord- 
ing to the quantity of air required. A power is thus obtained 
capable of operating to any extent, and so completely under 
control that it can be adapted to the varying circumstances in 
which it may be applied, while it can also be easily regulated, 
and diminished or increased in an instant with the utmost pre- 
cision. It acts upon air whether it may have previously been 
heated or cooled within the whole ranges of temperature ob- 
served at the surface of the earth, where no unusual circum- 
‘stances present themselves. 


432. Selenium and boron are similar in their general chemi- 
cal relations to sulphur, phosphorus, and carbon, but are not 
so important, and require accordingly only a short notice in 
this place. 

433. Selenium is a dark-brown solid, having a semi-metallic 

lustre. It is insoluble in water, inodorous, and produces a 
strong smell of horse-radish when heated in contact with the 
air. Symb. Se—Equiv. 40. 
. 484, Boren is an element which resembles carbon in appear- 
-ance and properties. Symb. B—Equiv. 11? Its most important 
compound is beracic acid, which is a compound of boron and 
oxygen. Symb. :B—Equiv. 35. 

435. Boracic acid is a white solid, and is fused by heat. It 
is soluble in water and alcohol, and its alcoholic solution burns 
with a green flame. It is obtained by the action of sulphuric 
acid upon borax, which is a biborate of soda. The borax is 
dissolved in four times its weight of boiling water, and sulphu- 


ric acid diluted with four times its weight of water is added. 


till the solution is acid, which is ascertained by litmus paper ; 
it separates in crystals, the sulphate of soda remaining in solu- 
tion. 
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CHAPTER XV. 


CHLORINE, IODINE, BROMINE, AND FLUORINE. 


436. Chlorine is a greenish yellow coloured gas, uninflam- 
mable, but supports the combustion of many substances. It 
was formerly called orymuriatic acid. Symb. Cl—Equiv. 35°5. 
It has a pungent suffocating odour, acts with great energy on 
metals, and numerous inflammable substances abounding in 
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hydrogen, All vegetable and animal colouring matters, and 
offensive effluvie from decomposed animal or vegetable matter, 
are quickly destroyed by it. Experiments with chlorine and 
its compounds should be performed, so that all the noxious 
fumes may be carried away, which are often very deleterious. 

437. Heat cautiously in a retort 1 ounce of binoxide of man- 
ganese in fine powder, with 3 ounces by measure of aqueous 
hydrochloric acid ; put the acid first into the retort. Collect 
the chlorine gas at the pneumatic trough, having heated the 
water previously to 90 degrees ; chlorine is condensed by cold 
water. Remove the retort when the gas comes slowly away, 
to prevent accident from the regurgitation of the water; this 
is apt to take place when the chlorine and the steam accom- 
panying it are absorbed rapidly by the water. 

438. Hydrochloric acid consists of hydrogen and chlorine, 
and two particles of it with one of binoxide of manganese pro- 
duce chlorine gas, water, and hydrochlorate of manganese, which 
remains in the retort. Symb. 2HC1&:Mn=Cl&* H&XHCIMn. 

439. If a portion of chlorine gas be required quickly, put a 
table-spoonful of chloride of lime (common bleaching powder) 
into a jar, and pour upon it an equal bulk of aqueous hydro- 
chloric acid, covering the jar lightly with a tray, that part of 
the air may escape. The hydrochloric acid unites with the 
lime, and displaces the chlorine; procured in this way, it is 
often used for some experiments, but must be considered very 
impure, and is mixed with air and carbonic acid gas, . 

440, Kindle a suspended candle, and introduce it into a jar 
of chlorine ; it attracts hydrogen from the inflammable matter; 
carbon is separated, and the candle burns with a lurid flame. 

441. Into a detonating jar, two-thirds full of chlorine gas, 
introduce coal-gas till it is filled, invert quickly and apply a 
light ; an explosion ensues, the chlorine takes hydrogen from 
the gas, produces hydrochloric acid, and carbon is deposited. 

442. Mix equal bulks of chlorine and hydrogen gases in a 
detonating jar, and apply a light; they combine with explo- 
sion, and produce hydrochloric acid gas. 

443, Pour antimony in powder through a funnel into chlo- 
rine gas; it takes fire as it combines with the chlorine. \ 
444, Introduce copper leaf suspended in an iron cage into 
another jar ; it also evolves heat and light as it combines with 

the chlorine. 

445. Make a solution of chlorine in water, proceeding in the 
manner described in par. 347, page 75. 

446, Add a portion of the solution to water tinged with ve- 
getable blue; it is immediately bleached, the chlorine decom- 
posing the colouring matter by taking hydrogen from it. 


CHLORINE—CHLOROUS ACID. 101 


447, Chlorine is employed in numerous operations of art, 
from the many very valuable properties which it presents. It 
is used most extensively in combination with lime and water, 
forming then the compound termed bleaching powder. It is 
soluble in water, and acts most powerfully when an acid is 
added to detach the chlorine from the lime. 

448, Hypochlorous acid, *Cl, chlorous acid, *:Cl, chloric acid, 
::Cl, and perchloric acid, *::Cl, are all compounds of chlorine 
and oxygen which are usually procured by indirect processes. 
They are not much employed in a pure form, but are produced 
in various operations when compounds containing chlorine are 
decomposed. 

449, Chlorous acid is a transparent and very deep greenish 
yellow coloured gas. It is particularly distinguished by ex- 
ploding with very great violence when subjected to a very 
moderate heat. Sometimes it explodes by the heat developed 
during its preparation, even when not more than three or four 
grains are used. It is usually prepared on a very small scale, 
by introducing four or five drops of aqueous sulphuric acid into 
a very stout glass, and allowing a grain or two grains of the 
chlorate of potassa to fall into it, the operator turning the 
mouth of the tube away from his face, as sometimes an explo- 
sion ensues when the materials come in contact. The gas is 
evolved as the aqueous sulphuric acid unites with the potassa. 
It is formed as part of the chloric acid which is then liberated 
loses one particle of oxygen, every two particles thus evolved 
combining with one of undecomposed chlorate of potassa, and 
forming perchlorate of potassa. 

450. If hydrochloric acid be poured so as to cover a few 
grains of the same salt, chlorate of potassa, in a test tube, a 
very complicated reaction ensues, and chlorous acid is evolved ; 
it is mingled, however, with a large quantity of chlorine. On 
introducing into the test tube a small wooden match, or a slip 
of paper, penny dipped in oil of turpentine, combustion 
immediately ensues. In this case, the reaction is not violent 
on the small scale, in consequence of the large amount of chlo- 
rine with which the chlorous acid is diluted. A larger portion 
of this gaseous mixture may be produced by mixing a tea- 
spoonful of the salt with the aqueous hydrochloric acid in an 
ale glass. 7 

451. Chloric acid is the principal compound of chlorine and 
oxygen. It is usually employed, in combination with potassa, 
in the form of chlorate of potassa. This salt is formed by the 
action of chlorine water and potassa. 

452. Into an ale-glass put a teaspoonful of the crystals of 
chlorate of potassa, after filling it with cold water, and throw 
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upon them five or six chips of phosphorus, each about the size 
ofa pea. Fill a pipette (fig. 79) with aqueous sulphuric acid, 
allowing the acid at first to drop through it, that all air Fig. 79. 
may be expelled, then leave it in the glass, the extre- 

mity resting upon the crystals of the chlorate. As the 

acid slowly descends, it takes potassa from the salt, and 
disengages a compound of chlorine and oxygen, which 
inflames the phosphorus under water. 

453. Triturate briskly in a mortar half a grain of chlo- 
rate of potassa with as much sulphur; it quickly takes 
oxygen from the chlorate, producing an explosion. 

454, Mix two grains of sulphuret of antimony, four of 
sugar, and twelve of the chlorate of potassa, adding the 
latter cautiously on paper after mingling the two first, 
that there may be no explosion. If this mixture be 
heated, it takes fire at a very moderate elevation of tem- 
perature. Ifa portion be touched with a drop of strong 
aqueous sulphuric acid, lifted on the end of a slip of glass, 
chlorous acid is immediately evolved, which inflames the 
mixture. 


455. Mix two grains of sugar with four of chlorate of potassa, 


a mixture is obtained which is affected much in the same man- 


ner as in the preceding case by heat and by aqueous sulphuric 
acid, though it is not quite so quick. | 

456. In both the preceding cases, when the mixture is in- 
flamed as it is touched by the aqueous sulphuric acid, chlorous 
acid is liberated; and by its action with the inflammable 
matter of the sugar, the combustion is commenced, which is 
sustained actively by the large quantity of oxygen in the chlo- 
rate of potassa. 3 

457. All these experiments must be cautiously performed ; 
the gaseous compound of chlorine and oxygen explodes violently 
when gently heated. Many accidents have occurred from 
mixing chlorate of potassa and aqueous sulphuric acid in tubes 
and retorts. 

458. Hydrochloric or muriatic acid is a gas (see page 12), 
which is condensed in large quantity by water, forming the 
common aqueous hydrochloric acid, and is often termed spirit 

of salt. Symb. HCl—Equiv. 36°5,. 

459. Heat strong aqueous hydrochloric acid as it is obtained 
from the manufactory ; hydrochloric acid gas is expelled from 
it, and may be collected in a flask or bottle as shown in fig. 80. 
When full of gas, remove the tube, close the mouth by the 
thumb, and place it, with the mouth downwards, under water 
coloured by vegetable blue ; on removing the thumb, the water 
is forced with great rapidity into the bottle by the pressure of 
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the air; the water combines with the gas, and the vegetable 
blue is reddened. 

460. Mix two drachms by measure of aqueous sulphuric acid 
in a flask with an equal bulk of water; when cold, pour it 
upon 200 grains of common salt in a re- Fig. 80. 
tort, and apply heat, introducing the 
beak of the retort into a receiver one- 
third full of water, which must be kept 
cold; the retort should be large enough to 
contain two or three times as much ma- 
terials as are used, and the beak of the re- 
tort, though placed in the water, should 
not be put under it. The sulphuric 
acid causes a decomposition of the com- | 
mon salt, which is composed of chlorine 
and sodium, and of the water ; chlorine @=> 
from one and hydrogen from the other produce hydrochloric 
acid gas, which is condensed by the water in the receiver. 
Sulphuric acid and soda, composed of sodium and the oxygen 
of the water, remain in the retort, forming sulphate of soda. 
Symb. :S&ClNa&: H = :S:‘Na& HCl. 

461. Mix aqueous nitric and aqueous hydrochloric acids in 
a flask, and apply heat. Oxygen from the nitric and hydrogen 
from the hydrochloric acid combine and form water ; nitrous 
acid and chlorine are then set at liberty. Symb. ::N&HC]l= 
“=N& H&Cl. 

This mixture is termed nitro-hydrochloric acid, and also aqua 

regia, as it dissolves gold ; it is much used in dissolving metals 
when chlorine is required. 
_ 462. Add a solution of nitrate of silver to a solution of chlo- 
rine or common salt in water, or to diluted hydrochloric or 
nitro-hydrochloric acid; a white curdy-looking compound 
immediately falls, composed of chlorine and silver ; it assumes 
a dark tint when exposed to the light, and is termed chloride of 
silver. 

463. Iodine is an opaque solid having a bluish black colour 
and semi-metallic lustre. Symb. 1—Equiv. 1265. It melts 
at 227 degrees, and boils at 350 degrees. Though very different 
in appearance from chlorine, it is similar to it in many of its 
| properties; and has a pungent penetrating odour and an acrid 
taste. It is particularly distinguished by the deep violet co- 
loured vapour which it forms when exposed to heat. Iodine is 
dissolved sparingly by water, but in large quantity by alcohol. 

464. Heat a few grains of iodine in a flask; a beautiful 
- violet-coloured vapour is observed, which condenses slowly in 
crystals, . 
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465. Mix a solution of starch with a solution of icdine in 
water ; a blue compound appears—the iodide of starch. Put 
a little into a flask, and pour boiling water upon it till the 
colour disappears ; immediately afterwards pour it into cold 
water, and the colour is restored. 

466. Iodine is obtained from sea-ware, after subjecting it to 
a number of complicated processes. A compound of iodine and 
potassium is much used for medicinal purposes, and in testing 
several metals. 

467. Add a few drops of a solution of the iodide of potassium 
to starch ; no effect is produced. Add to the mixture a little 
chlorine water or aqueous sulphuric acid to unite with the 
potassium and detach the iodine ; it immediately produces the 
blue iodide of starch. 

468. When iodine occurs in combination with hydrogen, in 

the form of hydriodie acid, it has no action with starch; but if 
chlorine water or aqueous sulphuric acid“be added, the iodine 
is liberated as in the preceding case, and immediately the starch 
is affected in the usual manner. 
_ 469. Bromine is similar in properties to chlorine and iodine. 
It is the only element that is liquid at natural temperatures, 
with the exception of mercury. It has a deep hyacinthine red 
colour, and produces a ruddy vapour, resembling in appearance 
nitrous acid vapour. Bromine is found in sea-water in combi- 
nation with hydrogen. ‘The saline matter being concentrated 
by the evaporation of the principal portion of the water, chlo- 
rine is added, which detaches the bromine. 

470. Fluorine is an element which has not hitherto been ob- 
tained in a pure form. Its most important compound is hydro- 
fluoric acid, which is a compound of fluorine and hydrogen. 
Hydrofiuoric acid, also called fluoric acid, may be prepared by 
adding aqueous sulphuric acid to pulverised fluor spar, which 
consists of fluorine and calcium ; the fluorine unites with the 
hydrogen of the water, and produces the hydrofluoric acid ; 
the calcium and the oxygen of the water form lime, and this 
combines with the sulphuric acid. It is transparent and co- 
lourless ; it emits fumes on exposure to the air; it is particu- 
larly distinguished by forming a gaseous compound with silica, 
and cannot therefore be prepared in glass or other vessels in. 
which this substance forms a part. It is used for etching on 
glass, but must be employed with extreme caution, as it is 
very corrosive. . 


a 
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CHAPTER XVI. 


METALS. 


471. Metals are said to be native when they occur uncom- 
bined with other substances; if in combination with other 
bodies, they are said to be mineralised. Metals are seldom ob- 
tained in a pure form in nature; they are generally combined 
with oxygen, sulphur, or chlorine, and often also with sul- 
phuric, nitric, carbonic, and phosphoric acids. In preparing 
them from the minerals in which they occur, they are said to 
be reduced from their ores. Charcoal is employed to take away 
oxygen; and lime, carbonate of potassa or soda, or iron, to 
remove sulphur and chlorine. Where there is much earthy 
matter mixed with the ore of a common metal, alkalies, glass, 
or other earths are added, so as to form a fusible compound 
with them, through which the metal may fall; the substance 
added is usually called a fluw, as it promotes the flowing or 
melting of the different ingredients which might otherwise 
prevent the particles of the metal from running together. 

472. Metals are distinguished by their peculiar lustre and 
opacity ; many of them are very malleable and ductile, being 
easily extended into thin leaves or drawn into fine wire. They 
are good conductors of heat and electricity, unite with many 
non-metallic bodies, when they lose in general all their lustre, 
and assume an earthy appearance. ‘ 

473. Compounds of metals with oxygen, chlorine, and iodine, 
are termed owides, chlorides, and iodides. With sulphur, phos- 
phorus, and carbon, the compounds are termed sulphurets, 
phosphurets, and carburets. When an acid, the name of which 
terminates in ic, unites with an oxide, the name of the acid in 
the compound is made to terminate in ate. Thus, nitric acid 
uniting with potassa produces nitrate of potassa. 

474. ‘The great mass of solid compounds observed at the sur- 
face of the earth may be considered as oxidated metals ; and, 
accordingly, air being a binoxide of nitrogen, water an oxide of 
hydrogen, and the greater number of earthy compounds con- 
sisting of oxidated metals, it may be affirmed that the greater 
mass of the globe consists essentially of oxidated bodies. In 
the interior, unoxidated metals have been supposed to predo- 
minate, but on this speculative point different opinions are 
entertained. 

475. The metals are divided into three great classes :— 

I. Kaligenous metals, which produce alkalies when combined 
with oxygen. 
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II. Terrigenous metals, which form earths of different kinds 
as they combine with oxygen. 


III. Calcigenous or common metals, whose oxides have long 
been called calces. 


476. The common metals are further subdivided according 
to the degree of force with which they attract oxygen, a point 
of very great importance in the history of metals. The follow- 
ing tables must accordingly be carefully studied :— 


I. Common metals whose oxides are not reduced by heat 
alone, namely— 


Tron Bismuth Arsenic Cerium 
Lead Manganese Vanadium Columbium 
Copper Chrome Cadmium Tellurium 
Zinc Cobalt Tungsten Titanium 
Antimony Nickel Molybdenum Uranium. 
Tin 


II. Common metals whose oxides are reduced by heat alone, 
namely— 


Mercury Platinum Rhodium 
Silver Palladium Iridium. — 
Gold Osmium Lantanium 2 


477. Malleable metals can be altered in form, and be made to 
assume different shapes, without losing their continuity of form 
or texture. They are said to be daminable when they can be 
rolled into plates or beat into thin leaves, and ductile when 
they can be drawn into wires. Separate pieces of some metals 
can be united at a high temperature by mechanical means, and 
formed into any shape. In such cases they are said to be 
welded. Common gold leaf is about the 200,000th of an inch 
in thickness, but silver leaf is only 100,000th of an inch thick. 

478. Metals are exceedingly opaque, but would probably all 
transmit light, could they be rendered sufficiently thin. Gold 
leaf transmits a*greenish light. The tenacity of some metals, 
but more particularly of iron, is exceedingly great. An iron 
wire little more than two-thirds of an inch in diameter supports 
a weight of 5491 pounds. The extent to which it is now used 
‘in the form of anchors, cables, machinery, bridges, buildings, 
wire ropes, &c., sufficiently demonstrates its importance in these 
respects. Next to iron, the metals having the most tenacity 
are copper, platinum, silver, gold, and zine. 

479. The fusibility of metals is exceedingly various. Mer- 
cury is fluid till cooled 72 degrees below the freezing-point of 
water; platinum is melted only by the most intense heat 
which furnaces can command. Lime, common salt, borax, 


METALS—POTASSIUM. 107 


compounds of potassa, soda, and other substances, are constantly 
used as fluxes in melting metals. They melt on combining 
with different substances in the ore, if they are infusible alone, 
and are employed for different purposes. 

I. To give fluidity to materials with which metals may be 
associated in extracting them from their ores. 

II. To combine, at the same time that they melt, with vari- 
ous ingredients in combination with the metals. 

III. To spread over the surface of metals, and exclude the 
action of the air. 

480. In reducing metals from their ores, one metal is often 
mixed with metallic compounds, so as to take the place of 
others, and separate those that are most valuable. In other 
cases metals are extracted from various combinations by gal- 
vanic arrangements. (See page 49, par. 219.) 

481. In the principal chemical changes into which they 
enter, metals are prone to combine with oxygen or other sub- 
stances, before they combine with non-metallic compounds ; 
acids, in particular, do not combine with metals when they are 
not previously united with other bodies. Metals lose their 
brilliant lustre, and generally present the appearance of earthy 
substances, when they combine with non-metallic bodies. Metals 
uniting with each other form alloys, and retain their lustre. 
Amalgams are metallic compounds containing mercury. 
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‘CHAPTER XVII. 


POTASSIUM, POTASSA, NITRATE OF POTASSA. 


482. The most important kaligenous metals are potassium 
and sodium, which, with oxygen, form potassa and soda, These 
have been termed jfiwed alkalies, as they are not easily converted 
into vapour, but ammonia, the volatile alkali, is a gas at natu- 
ral temperatures. ‘The alkalies turn vegetable blue to green, 
yellow turmeric to a reddish-brown, corrode animal and vege- 
table substances, and form soaps with oily and fatty substances. 
Iithium is the name given to another alkaline metal which is 
comparatively rare, and has not as yet been applied to impor- 
tant purposes. — 

483. Potassium is procured from potassa, by heating it 
powerfully with charcoal or iron; the process requires much 
attention ; none who are not well acquainted with chemical 
manipulation should attempt to prepare it. 

484. Potassium is particularly distinguished by its extreme 

H 
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lightness, having a less specific gravity than water, so that it 
floats upon it when it is brought in contact with it. Itis a 
very powerful chemical agent, having a great force of attrac- 
tion, and entering into various combinations with the evolution 
of heat and light. 

485. Throw a grain of potassium upon water ; it takes fire 
and burns upon the surface of the water; potassa is formed, 
which is quickly dissolved. ; 

486. Boil, in an iron goblet, 1 pound of newly slaked lime, 
in fine powder, with an equal weight of carbonate of potassa 
and 10 pounds of water; the carbonic acid unites with the 
lime, the potassa is left in solution. Put the mixture into an 
earthen or glass funnel, obstructed by a few fragments of glass 
and a piece of linen cloth ; collect the solution in bottles as it 
escapes, drop by drop. Exclude it, during its preparation and — 
afterwards, carefully from the air, otherwise the potassa attracts 
carbonic acid. | 

487. Fused potassa (common caustic) is procured by evapo- 
rating the solution, and fusing by an increased heat the dry 
matter that remains. 

488. Add a solution of potassa, of the carbonate of potassa, 
or of the bicarbonate, to water tinged with vegetable blue ; a 
fine green is perceived. Add, drop by drop, aqueous sulphuric, 
nitric, or hydrochloric acid, to the green liquid; the acid com- 
bines with the alkali, and the blue colour is at last restored. 
Similar experiments may be performed with other acids. 

489. The quantity of potassa in pot-ashes or pearl-ashes is 
ascertained in the above manner, every 49 grains of aqueous 
sulphuric acid required to restore the blue colour in a solution 
of the alkali tinged by the colouring matter of the cabbage, 
indicating 48 of potassa =K-+O. As acids and alkalies com- 
bine, they lose their causticity as well as their power of affect- 
ing vegetable colours, and are said to neutralise each other. 

490. Burn a few small pieces of wood, collect the ash that 
remains, pour water upon it, and add vegetable blue. Potassa 
is found in solution, which turns the blue toa green. The pot- 
ashes of commerce are prepared from the ashes of burned wood. 

491, Expose pearl-ashes (impure carbonate of potassa) to 
the air in a cup or plate, it soon deliquesces. (See page 26, 
par. 114.) 

492, Heat an ounce or two of nitre in a crucible; it soon 
melts, and if heated much, oxygen escapes, but no combustion 
is observed. While red-hot, pour upon it small successive 
quantities of sulphur and charcoal in fine powder, avoiding the 
fumes ; the charcoal and sulphur burn quickly as they receive 
oxygen from the nitre, 
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493, Throw some nitre upon red-hot cinders; they burn 
with great rapidity. 

494, Dissolve nitre in boiling water, so long as any is taken up ; 
crystals of nitre in six-sided prisms appear as the solution cools. 

_495. Dip paper into the solution which remains above the 
erystals, dry it, and apply a light; it burns quickly, forming 
commdn match-paper. 

496. Mix intimately 75 grains of nitre, 15 of sulphur, and 10 
of charcoal. The mixture deflagrates like gunpowder when 
heated ; machinery is required to give it the granular appear- 
ance of gunpowder, 

497. Mix 600 grains of nitre, 200 of sulphur, and 100 of sul- 
eas of antimony. This mixture is termed the blue signal 
light, which is seen, when inflamed, at a great distance. 

498. Nitre occurs in the soil in India, and is also formed 
artificially. In all deflagrating mixtures containing nitre, 
oxygen is rapidly transferred from the nitric acid to the 
inflammable matter. 

499. Heat bitarirate of potassa (cream of tartar), consisting 
of tartaric acid and potassa, in a crucible ; it is soon blackened, 
as the tartaric acid is decomposed. A small quantity held on 
a slip of glass presents the same appearance. Water poured 
upon the black matter dissolves the potassa; it may be tried 
by the vegetable blue, which becomes green as before. 

500. Heat in the same manner equal weights of cream of 
tartar and nitre ; the potassa of both remains united with car- 
bonic acid, which is formed as the carbon of the tartaric acid 
unites with oxygen from the nitric acid in the nitre. In this 
manner very pure carbonate of potassa is formed. 

501. Add a solution of tartaric acid to a strong solution of 
any salt of potassa; crystals of cream of tartar soon appear. 
Cream of tartar is usually procured from the juice of the grape 
being deposited in crystals.* 
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SODA. 


502. Soda = sodium 24 + oxygen 8. Sodium and soda are 
similar to potassium and potassa in all their leading properties, 
Soda is obtained principally from common salt and aqueous 
sulphuric acid, when the changes described in 640 take place. 


* See experiments described under Chloric Acid, and Chlorate of Potassa, in 
page 101. 
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The sulphuric acid is withdrawn afterwards, and replaced by 
carbonic acid on heating the sulphate of soda with charcoal and 
chalk. Water dissolves the carbonate of soda, which is then 
crystallised, forming the compound usually termed soda. 

503. Kelp and barilla are the ashes that remain after burning 
sea-ware. Soda has long been extracted from them by the 
action of water. 

504. Chioride of sodium or common salt = 35°5 chlorine ++ 
23°5 sodium = 59. When procured by evaporating sea-water 
slowly by the action of the sun in warm climates, after allow- 
ing it to overflow fields from which the sea is afterwards 
excluded, it is termed bay salt. Pan salt‘is obtained by boiling 
rapidly sea-water in an iron pan. Rock salt is the term applied 
when it is dug out of salt mines, many of which, of great ex- 
tent, and containing often very pure salt, are found in different 
parts of the globe. 

505. Common salt crystallises in cubes, which are often asso- 
ciated so as to form hollow pyramids. 

506. Throw some crystals of bay salt upon a red-hot plate of 
iron, they fall in pieces quickly with a loud decrepitating noise ; 
the experimenter must avoid the fragments as the crystals 
break. 

507. Dissolve common salt in boiling water, and add a solu- 
tion of carbonate of soda; if common salt be pure, no effect 
appears, but if any magnesia be present, it soon appears as a 
white powder. 

508. When magnesian salts are mixed with common salt, 
which is often the case, it is very apt to attract moisture, and 
acquires a bitter disagreeable taste ; it is also much less fit for 
curing meat. 

509. Biborate of soda, or borax, contains two particles of 
boracic acid and one of soda, with water of crystallisation. Heat 
200 grains in a crucible capable of holding 800; the water is 
expelled ; the dry borax is fused into a transparent and colour- 
less glass, 

510. Mix a teaspoonful of powdered borax with an equal 
bulk of aqueous sulphuric acid in an evaporating basin ; add 
half an ounce of alcohol. Heat the mixture and kindle the ~ 
alcohol ; the sulphuric acid unites with the soda, and the alco- 
hol burns with a beautiful green flame, in consequence of the 
presence of the boracic acid. 
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CHAPTER XIX. 
AMMONIA.” 


511. Ammonia 17 = nitrogen 14 + hydrogen 8 = NH?, A 
gaseous compound, alkaline like potassa, and often termed spirit 
of hartshorn, being formed when the horn of the deer and most 
animal substances are heated, the air being excluded ; it is also 
formed in large quantity during the preparation of coal-gas, 
It is usually combined with hydrochloric acid, from which it 
is separated again by lime, to prepare it free from the offensive 
odour of animal matter, which at first it always presents. 
Being condensed in large quantity by water, it is usually 
employed in combination with this substance. 

512. Heat half an ounce of strong aqueous ammonia in a 
small flask, receiving the gas, which is lighter than air, in 
another flask, as in fig. 81. The air is soon expelled, and then 
the flask must be removed, proceeding as described in 459. The 
coloured water is forced with great rapidity into the flask by ° 
the pressure of the air as the ammoniacal gas combines with it, 
and immediately becomes green, 


Fig. 81. Fig. $2. 


513. Put a drachm of strong aqueous hydrochloric acid into 
any flask, vase, or bottle, and a drachm of strong aqueous am- 
monia into another, then connect them by a tube passing 
through a cork which fits the bottle (fig. 82.) White fumes 


* Ammonia is inserted here, though it contains no metallic matter, as it is very 
similar to the alkalies in most of its properties. : 
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of hydrochlorate of ammonia, or sal-ammoniac, immediately 
appear. 

PBL4, If no apparatus peculiarly adapted for the preparation 
of ammonia can be procured, mix 150 grains of hydrochlorate 
of ammonia with 100 of slaked lime in fine powder ; heat the 
mixture in a glass retort by a lamp or chauffer, and condense 
the gas in a receiver half full of water. Shake the receiver 
frequently, but always keep the beak of the retort out of the 
water. 

515. Hold test papers above aqueous ammonia; the ammo- 
niacal gas escaping from the aqueous ammonia, affects them in 
the same manner as alkalies. Expose them to a very gentle 
heat, the ammonia is expelled, and the original colour is 
restored. 

516. Prepare sulphureted hydrogen gas in a phial with a 
bent tube (fig. 83), passing the gas into an ounce Fig. 83 
of common aqueous ammonia contained in another 
phial ; a large quantity combines with the ammo- 
nia; the solution is now termed hydrosulphuret of 
ammonia, and is often much used instead of sul- 
‘phureted hydrogen gas in testing metals. 

517. Dissolve oxalic acid in water, and add car- 
bonate of ammonia till the solution no longer red- 
dens the blue test-paper ; the oxalic acid unites ; 
with the ammonia in the carbonate, expelling the carbonic acid 
with effervescence. 

518. Heat a little of any salt suspected to contain ammonia 
with an equal bulk of slaked lime in a test-tube ; ammoniacal 
gas is expelled if any be present, and may be recognised by its 
odour, or by the white fumes it produces when brought in 
contact with a rod dipped in hydrochloric acid. Soda or potassa 
may be used instead of lime. 
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LIME.—PLASTER OF PARIS. 


519. Earths are composed of metals and oxygen, in the same 
manner as the alkalies, potassa, and soda; four of them, lime, 
baryta, strontia, and magnesia, resemble alkalies ; but they are 
not fused by heat, they are less soluble in water, less caustic, 
and form insoluble compounds with carbonic acid. 

520. Limestone, chalk, marble, and calcareous spar, are com- 
posed principally of carbonic acid and lime, and are called car- 
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bonates of lime. Heat a few fragments of limestone or marble 
in an open fire ; 50 parts of pure carbonate lose 22 of carbonic 
acid gas, and 28 of lime remain, In this condition it is termed 
quick lime, or burned lime. 

_ 521. Dip the quick lime into water, remove it immediately, 
and cover it. It soon swells, and falls to powder, combining 
with the water it had absorbed ; the compound is termed 
slaked lime, or hydrate of lime. 

522. Put a table-spoonful of slaked lime into a beer bottle 
nearly full of water; shake the bottle, and allow the undis- 
solved lime to subside ; or filter, excluding the air, if a solution 
of lime be quickly vequired. It is termed lime-water. Tr y it 
with vegetable blue and turmeric in solution ; it affects them 
in the same manner as alkalies. 

523. Expose lime-water in any vessel to the air; it soon 
attracts carbonic acid, and a crust of carbonate of lime appears 
upon the surface. Mortar used in building is composed of sand 
and lime mixed with water, and hardens as the lime attracts 
carbonic acid. 

524, Put 1 or 2 ounces of lime-water into a glass jar, and 
add carbonic acid water (347); carbonate of lime falls; add 
more carbonic acid water, and the carbonate is dissolved, 
Many natural waters contain lime dissolved by excess of car- 
bonic acid ; exposed to the air, the excess escapes, and carbonate 
of lime is deposited, encrusting with a stony matter any sub- 
stance upon which it may fall. 

525, Pour aqueous hydrochloric acid diluted with twice its 
bulk of water upon fragments of carbonate of lime, so long as 
any effervescence appears. The changes described in 344 take 
place. Any mineral which dissolves with effervescence in 
diluted hydrochloric acid, and which gives a mass that slacks 
like lime, after heating to redness for some time, may be 
regarded as a limestone. 

526. Take the solution of hydrochlorate of lime prepared as 
above (525) ; pour a portion into five or six wine-glasses ; leave 
one as It is, and add different quantities of water to the rest. 
On mixing aqueous sulphuric acid with each, different pheno- 
mena are presented. Where no water is added, the mixture 
becomes solid, sulphate of lime falls, composed of sulphuric 
acid and lime; hydrochloric acid gas escapes, which must. be 
avoided. In the others, the hydrochloric acid is retained by 
the water, and the sulphate of lime is precipitated, unless a 
large quantity of water be present to dissolve it. 

527. Mix with water powdered sulphate of lime (which has 
been heated previously to expel water) so as to form a thick 
fluid like cream. Put it in this condition into any mould, or 
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upon any coin, so as to take an impression ; it gradually com- 
bines with the water, and forms a solid compound. The powder 
is usually termed plaster of Paris, as the mineral from which 
it is made abounds at Paris. 

528. Add a solution of carbonate of soda to a solution of 
hydrochlorate of lime; carbonate of lime falls, the other sub- 
stances remain in solution. 

529, Add oxalate of ammonia to any solution of lime, neu- 
tralising it at first with ammonia if it be acid ; oxalate of lime, 
which is very insoluble, immediately appears. 

580. Hydrochlorate of lime im powder attracts moisture 
quickly from the air, and is much used in drying gases. 

531. Chloride of lime is formed by exposing slaked lime in 
powder to chlorine gas. Water dissolves it abundantly, and 
the solution is much used as it abounds in chlorine. The 
chlorine acts most effectually when acids are added to detach 
the lime. 
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BARYTA, STRONTIA, AND MAGNESIA. 


532. Baryta is similar to lime, and is used principally as it 
detects sulphuric acid when added to any solution containing it. 

533. Strontia also resembles lime. It is used in the prepa- 
ration of deflagrating mixtures, where a bright crimson light 
is required. Mix hydrochlorate or nitrate of strontia with 
alcohol in an evaporating basin or metallic cup, inflaming it, 
and heating the mixture. The alcohol burns with a crimson 
tint. A large sheet of paper dipped in the mixture and inflamed, 
shows the tint very distinctly. 

534. Magnesia is found in bittern, the liquid that remains 
after boiling down sea-water for the preparation of common 
salt ; it is there combined principally with sulphuric and hy- 
drochloric acids. It is also found in some varieties of limestone, 
and in many natural waters. Magnesia is mild compared with 
the preceding earths, and does not corrode animal substances, 
so that it is often given medicinally to neutralise acids. It is 
very sparingly soluble in water. 

535. Sulphate of magnesia, or Epsom salts, contain sulphurie 
acid and magnesia; they are prepared by crystallisation from 
bittern, or from natural waters in which it abounds. Many 
fatal accidents occurring frequently in consequence of its being 
mistaken for Epsom salts (sulphate of magnesia), the following 
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characters ought to be studied experimentally ; the last two 
may be seen by putting the materials in small quantity upon 
a slip of glass, adding the tests in solution. 


Tests. Oxalic Acid. Sulphate of Magnesia. 
Taste, Acid, Bitter. 
On red-hot cinders, Dissipated, White mass left. 
Vegetable blue, Reddened, No effect. 


Alkaline carbonates, Effervesces, | White precipitate. 
Symb. of owvalic acid. :C? = 0? + C’, or ="C + :C = 386. 


Oem ™™ 


CHAPTER XXIL. 


ALUMINA.—SILICA. 


536. Alumina, or oxide of aluminum, abounds in clay, and is 
distinguished from preceding earths by its insolubility in water, 
and by being soluble in a solution of potassa. When uncom- 
bined, it is insipid and inert. 

537. Alum is one of its principal compounds, and contains 
alumina, potassa, sulphuric acid, and much water of crystal- 
lisation. Its solution reddens litmus, but scarcely affects 
cabbage. 

538. Add a little ammonia, potassa, or soda, to a solution of 
alum ; it unites with part of the acid, and the alumina falls. 

539. Heat alum in a red-hot iron cup; it soon melts, water 
of crystallisation is expelled, and a spongy mass is obtained, 
termed burned alum. 

540. Common clay may be fused by a sharp heat, and be- 
comes red before it melts, the iron it contains attracting 
oxygen. 

541. Fire-clay is less fusible, and is used in preparing bricks, 
which may be exposed in furnaces to a strong heat. Fine 
varieties of clay are used in the manufacture of crucibles, 
pottery-ware, and porcelain. 

542. Silica consists of silicum 22 + oxygen 8; it is, like 
alumina, a very abundant earth, constituting the principal 
ingredient of flint, of the sand of the sea and of the desert, and 
of many rocks and minerals. Quartz is composed of silica 
nearly pure. Silica, in its ordinary form, is insoluble in water. 

543. If sand or any siliceous compound, such as glass, be 
_ mingled with aqueous sulphuric acid and fluor spar (par. 470, 
page 104), the hydrofluoric acid that is disengaged on the appli- 
cation of heat combines with part of the silica, and forms a 
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transparent colourless acid gas. It produces fumes when ex- 
posed to the air, but is particularly distinguished by the man- 
ner in which it is decomposed if introduced from the beak of 
a retort in water, the hydrofluoric acid combining with the 
water, while the silica is separated in the solid form. The 
experiment may be performed with a small glass retort con- 
taining 100 grains of each material. The retort is generally 
corroded in one or two operations. 

544. Mix intimately 200 grains of fine sand, and 600 of pure 
carbonate of potassa ; fuse the mixture in a crucible capable of 
containing four times as much. Carbonic acid escapes, the 
silica and potassa combine and produce glass. Pour out the 
glass, which is commonly termed silicated potassa, on an iron- 
plate, and dissolve it in water, the large quantity of alkali ren- 
dering it soluble in this fluid. The compound formed in this 
manner constitutes pure silica soap, having all the detergent 
properties of common soap; it is more active than ordinary 
soap, and leaves a harsh feeling upon the hand. Common silica 
soap is mixed with a considerable portion of common soap, 
and occasionally with sand. . 

545. Add to the solution hydrochlorate of ammonia, also in 
solution. The hydrochloric acid of the hydrochlorate unites 
with the potassa of the glass, and the silica falls. 

546. With less alkali, glass is formed insoluble in water. 
Common bottle glass is made of coarse sand, and any alkaline salt 
or earthy matter which can render it fluid when heated. Plate 
and window glass are made with purer sand and alkali. Flint 
glass is composed of similar materials, with ‘the addition of 
oxide of lead, which gives more weight and lustre to the glass, 
and also allows it to be worked at a reduced temperature. 

547. Coloured glasses are formed by heating glass with various 
metallic oxides. Cobalt gives a fine blue; with manganese 
an amethystine tint is seen. Gold produces a ruby colour; 
copper and chrome give green. 

548. All vessels made of glass must be cooled slowly after 
they are made, or annealed, as this is termed, otherwise they 
are very easily broken. When a piece of any fused rock or 
glass is cooled with extreme slowness from a high temperature 
' till it becomes solid, it crystallises, and presents the appearance 

of a stone. But if cooled quickly, a glassy substance is ob- 
served. ; 
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CHAPTER XXIII. 


COMMON METALS.—IRON. 


549. This, the most important of the metals (see par. 21, 
page 10), is found in a great variety of forms at the surface of 
the globe, and is obtained principally from various ores in which 
it is combined with oxygen. These are sometimes nearly pure, 
and then, by the action of carbon alone, the metallic iron is pro- 
cured, as the carbon removes oxygen on the application of heat. 
In this country the ores more commonly employed, which are 
termed clay-iron ores, require the addition of lime, which forms 
a fusible compound with the other earthy matter in the ore, 
through which the iron falls with facility when the carbon 
has removed the oxygen. 

550. In many places the air propelled into the furnace for 
preparing the iron is heated previously by passing it through 
red-hot iron pipes. If cold air be blown into a furnace, its first 
effect is to cool the fuel and other matters with which it comes 
in contact, at the very point where the greatest intensity of 
heat is required, however great the heat may be that is after- 
wards developed. When the air is heated previously, the 
greatest intensity of heat is produced at the point where it is 
most important that the temperature should be as high as pos- 
sible. When air at ordinary temperatures is used, the furnace 
is said to be a cold blast furnace, but when warm air is employed, 
it is called a hot blast furnace. In all blast furnaces the great 
intensity of the heat fuses all the earthy substances, which are 
run off from time to time in a liquid form, these consolidating 
as they cool into a glassy or stony-looking mass usually termed 
slag.. The melted iron which accumulates at the bottom of the 
furnace is also allowed to run out from time to time by tap- 
ping the furnace, being received into numerous furrows made 
m sand ; from these it acquires the form in which it is usually 
observed. 

551. Pig, or cast-iron, is the term commonly given to iron 
as it is prepared from the clay-iron ore. It is more brittle and 
fusible than pure iron, in consequence of the presence of alu- 
minum, silicum, and carbon in small proportion. It varies 
much in strength and fusibility, according to the source from 
which the ore is obtained, and the manner in which it is treated 
at different iron-works. White cast-iron is much harder and 
more brittle than grey cast-iron. 

552. Malleable iron, termed also soft, wrought, or forged iron, 
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is prepared from common cast-iron by different operations. It 
is melted in the refining furnace, where a considerable quantity 
of impurities is separated. It is then transferred to the puddling 
furnace, a particular kind of reverberatory furnace (par. 392, 
page 86), where, after being melted, it is stirred assiduously 
till it becomes reduced to a solid form, presenting the appear- 
ance of a very coarse-looking granulated mass. By increasing 
the heat, it is then formed into balls, diminishing in fusibility 
as it increases in tenacity and purity. Lastly, by hammering 
it, and pressing it between rollers, the more fluid impurities 
still adhering to it are squeezed out, and it then forms the 
malleable iron of commerce. | 

553. Where a very pure oxide of iron is obtained at first, 
malleable iron is at once procured when the oxygen is removed. 

554. Steel consists of iron and a small portion of carbon, 
varying from 100th to 150th part of its weight. It is usually 
formed by the process of cementation, an operation in which 
malleable iron, embedded in charcoal, is exposed for several 
days to a steady heat in a furnace. Steel is particularly dis- 
tinguished by the extreme hardness which it acquires, if it be 
cooled suddenly after exposing it to heat. The tempering of 
steel consists in cooling it after exposing it to a particular tem- 
perature, so that it may acquire as it cools that particular qua- 
lity or texture which may adapt it more especially for the 
purpose to which it is to be applied. 

555, Iron is a metal which is extremely prone to rust when 
it comes in contact with air and moisture. In air absolutely 
dry, and in water absolutely free from air, it undergoes no 
change; but when both act upon it at the same time, the 
absorption of oxygen is rapid, particularly if any acid be 
brought in contact with the mixture. Even carbonic acid is 
powerful in promoting the oxidation of iron, if mingled with 
the water brought in contact with the iron. Iron becomes still 
more liable to rust and decay, if it be at the same time made 
to touch another metal such as lead, which induces a galvanic 
action that facilitates the absorption of oxygen. But iron 
brought in contact with zinc, and even a solution of the hydro- 
chlorate of zinc, resists the oxidating influence of the air. 
- 556. Put a teaspoonful of iron-filmgs on a plate, moistening 

them from day to day till they become rust, by attracting 

oxygen from the air, and a little carbonic acid and nitrogen. 

557. Moisten a similar quantity in any flask or jar, and pour 
cautiously an equal bulk of aqueous nitric acid upon them. It 
is rapidly decomposed ; nitrous acid escapes, and the iron is 
oxidated. 

558. Prepare a coil of thin iron-wire, tie a thread at the 
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extremity, dip it in melted sulphur, inflame it, and introduce 
it into a bottomless bottle of oxygen, after Fie. 64, 
placing it in a basin with water, as in fig. & 
84, with a plate of iron, or some sand, be- 
low. The iron oxidates, the oxide melting 
and falling through the water. 

559. Mix, in a flask or jar, the materials 
employed in preparing hydrogen, using iron 
instead of zinc. (See 248, 249, and 259.) 
Filter the liquid procured, and, if no crys- 
tals appear, evaporate the solution, and set 
it aside, that green crystals of sulphate of 
irom may be formed. 

560. The black oxide of iron, called by many the oxide, is a 
combination of the oxide with the peroxide; the oxide is ob- 
tained with difficulty in a pure form, on account of its tendency 
to absorb oxygen from the air. Fill a crucible half full of 
crystals of sulphate of iron, and expose it to a dull red heat, 
red oxide of iron, called also perowide, remains; the oxide in 
the sulphate attracting oxygen from part of the acid as it is 
expelled by the heat. | 

561. Compounds of the oxide with acids are usually green, 
but the red oxide, which is nearly the same as rust, produces 
reddish compounds. Mix an ounce, by measure, of aqueous 
hydrochloric acid with six ounces of water and a small table- 
spoonful of the red oxide in a flask ; keep the mixture in a warm 
place for some hours, shaking it occasionally, and filter it after- 
wards, to separate the solution from any excess of iron. The 
compound is termed perhydrochlorate of iron. 

562. Mix 500 grains of flour of sulphur with 1000 of bright 
iron-filings in a Florence flask, and heat it on a chauffer of red- 
hot cinders. Heat and light are evolved as they combine, and 
sulphuret of iron is formed. 
_ 663. Dissolve 50 grains of sulphate of iron (green vitriol) in 
2 ounces of water, and pour a few drops into 6 glasses, jars, or 
flasks, previously filled nearly full of water. 

I. Into one pour potassa in solution; oxide of iron falls, 

_ combined with water. Expose it to the air ; it slowly attracts 
oxygen, and becomes rust. 

a To another, add carbonate of potassa ; carbonate of iron 
falls. | 

IIf. Add a little of the third to a large quantity of lime- 
water ; oxide of iron is again precipitated. 

et Add ferroprussiate.of potassa in solution to the fourth. 
(See 4.) 
V. Add to the fifth a drop of hydrosulphuret of ammonia ; 
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sulphuret of iron is precipitated. HS + NH3 & :S:Fe= 
SFe& H&:S+NH3, | 

564, In all these experiments, the sulphuric acid remains 
in solution with the alkali or earth in the precipitating solu- 
tion employed. 

VI. Add an infusion of galls to the sixth ; gallate of iron, 
the colouring matter of ink, slowly appears. 

565. Dilute a little ink with water, and add chlorine water 
or oxalic acid; the colour disappears. 

566. Repeat all these experiments, using a solution of the 
perhydrochlorate of iron diluted in the same manner as the 
sulphate. Observe the difference of tint in most of the preci- 
pitates formed from this solution. 


LEAD. 


567. Lead is a malleable and sectile metal, of a bluish-grey 
colour. It is employed in numerous processes of art, and is 
very generally used for protecting roofs, conveying water, and 
lining cisterns containing it. It is speedily oxidated by expo- 
sure to air and heat, and some waters corrode it rapidly, while 
others exert little or no action upon it. (See par. 228, page 52.) 
Minute quantities of different salts protect the lead from cor- 
rosion, 1 part, of sulphate of soda in 4000 of water, or 1 part of 
phosphate of soda in 27,000, being sufficient for this purpose ; 
in these cases, the phosphoric and sulphuric acids form com- 
pounds with a minute quantity of the lead, which adhere so’ 
tenaciously to it that they prevent further corrosion, 

668. Lead also is particularly distinguished by the poisonous 
properties observed in many of its compounds. Few substances 
have proved more noxious in this respect than sugar of lead ; 
in many cases death might have been prevented had the pro- 
- perties of this substance been known. It may be recognised 
with facility by merely heating a small portion about the size 
of a pea over the flame of a lamp or candle, when the follow- 
ing appearances are successively observed :—Fusion, boiling 
(from the water of crystallisation escaping), after which a dry 
white mass is left, dry fusion, escape of acetic acid, producing 
a smell of vinegar, the fused material becoming successively 
_ black and brown, and ultimately taking fire ; after which red 
and yellow oxides of lead, and metallic lead, may then be 
observed. 

569. Heat lead to redness in a crucible or iron ladle; it soon 
oxidates if exposed to the air, and the oxide melts. Red owide, 
or yellow oxide of lead, in powder, is obtained if it be cautiously 
heated without being fused. Observe the beautiful iridescence 
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as, on removing the oxide from the surface, a fresh portion of 
metal is exposed to the air. 
$70. Dissolve 200 grains of acetate of lead (sugar of lead) in 
44 ounces of water, filter it, and pour a part into twelve different 
glasses. To the first six add the re-agents described in par. 563, 
page 119. Potassa and lime separate the oxide. Carbonate of 
potassa gives carbonate of lead. The hydrosulphuret of ammo- 
nia gives black sulphuret of lead, and is much employed in 
detecting this metal in solution. All the other substances 
produce white precipitates. 

571. To the seventh glass add sulphuric acid or any sulphate 
in solution ; white sulphate of lead falls. To the eighth add 
hydrochloric acid or any hydrochlorate ; white chloride of lead 
appears. With the ninth mix a solution of iodide of potassium : 
yellow iodide of lead is precipitated. To the tenth add a solu- 
tion of. chromate of potassa ; yellow chromate of lead is preci- 
pitated. — 

572. In the eleventh put a small fragment of zinc ; it takes 
away all the acetic acid and oxygen, and lead is slowly de- 
posited in crystals. The last experiment may be varied by 
diluting the solution with an equal bulk of water, placing it 
in a narrow glass, and suspending the zine at the top of the 
solution, The lead appears in an arborescent form, producing 
what is commonly termed the lead tree. 

573. Acetic and nitric acids act most powerfully on lead, 
corroding it, and forming compounds soluble in water. Oxide 
of lead is used in glazing pottery ware, and is often dissolved 
by vinegar or other acescent substances, which then become 
poisonous. Sulphureted hydrogen gas alone, or in combination 
with ammonia, is used to detect lead (570.) Waters abound- 
ing in carbonic acid corrode lead, and become unfit for daily 
use when kept in leaden cisterns, 


COPPER. 


574. Expose copper to a dull red heat for half an hour, 
allowing the air to play freely upon it, and then plunge it 
suddenly under water; the oxide formed on the surface is 
speedily separated, and the metal presents its proper metallic 
ustre. 

575. Put several slips of copper into 2 drachms of nitric 
acid, diluted with twice their bulk of water. The copper 
is quickly dissolved, part of the acid communicating oxygen, 
the rest combining with the oxidated metal. 

576. Put a plate of iron into a solution of sulphate of copper, 
_ (blue vitriol), The copper appears in the metallic form, the 


¥ 


122 COPPER—ZINC—TIN. 


aa uniting with all the acid and oxygen previously combined 
with it. 

577. If fragments of zine, or a few iron nails, be boiled with 
any solution of copper in an acid, the whole of the copper is 
soon precipitated. 

578. Add a little ammonia to a solution of copper; the oxide 
is immediately precipitated; on adding more, the liquid © 
assumes a deep blue colour, and the oxide is dissolved. Copper 
and brass vessels (brass consists of copper and zinc) are fre- 
quently corroded when incautiously used in some culinary 
operations ; as its solutions are poisonous, liquids suspected to 
contain it ought to be tested by adding ammonia to them, 
observing if a deep blue colour be produced, which indicates 
the presence of copper. 

579. Arrange six glasses, each containing a solution of sul- 
phate of copper, prepared in the same manner as the sulphate 
of iron solutions described in 563. Add to them the tests di- 
rected to be applied to the sulphate of iron; similar changes 
take place, but the tints are different. 


ZINC. 


580. Zine is a brittle metal, having a white colour with a 
shade of blue. 

581. Heat a few fragments of zine to bright redness in an 
open fire, or in a crucible. The zine is soon converted into 
vapour, and burns with a brilliant flame as it acts on the oxygen 
of the air. 

582. Melt 600 grains of copper in a crucible, heating it to 
bright redness in a furnace, and covering it with a teaspoonful 
of salt or charcoal to exclude the air. Add 200 grains of zinc 
previously well heated, that it may be freed from every trace 
of moisture, and mix them well by stirrmg with an iron rod. 
Brass is formed as the copper and zinc combine. Remove any 
oxide when it is cold by a file, and the yellow colour of the 
brass becomes apparent. 

583. The hydrochlorate of zmc has been lately used to a 
great extent by Sir William Burnett for protecting numerous 
vegetable substances from decay. For this purpose, the sub- 
stance to be protected, as wood, cordage, or sailcloth, is steeped 
in a solution, and then dried. 


TIN. 


584. Tin has a brilliant white appearance when pure, and is 
malleable and ductile. Heat tin in a crucible; it is soon co- 
vered with an infusible oxide. 

585, Pour upon tin, in fragments, a little oon nitric acid, 
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diluted with an equal bulk of water; the tin quickly attracts 
oxygen, and assumes the form of a white powder. 


BISMUTH. 


586. Bismuth is a brittle metal, having a white colour with 
a shade of red. Heated in a crucible, it oxidates much in the 
same manner as lead. It is distinguished by its great fusibility, 
a property which many of its compounds also present. 

587. Heat 800 grains of bismuth, with 400 of tin and 400 of 
lead, in a crucible till they melt. A compound:is formed so 
fusible that it becomes liquid when heated to 204 degrees. 

588. Melt half of the above in boiling water, and add 100 
grains of mercury ; the compound now becomes fluid at 170 
degrees. Many toys are made of this composition, which melt 
when they are put into warm fluids, 


ANTIMONY. 


589. This is a very brittle metal, having a brilliant white 
colour and metallic lustre. Mix intimately in a crucible 400 
grains of iron-filings and 800 of sulphuret of antimony ; heat 
the mixture to bright redness in a crucible, then add 100 grains 
of nitre in powder; on breaking the crucible when it is cold, 
with a hammer, the antimony will be seen below, and a com- 
pound of sulphur and iron above. The nitre promotes the 
separation of the antimony. 

590. Mix 600 grains of nitre, 200 of sulphur, and 100 of sul- 
phuret of antimony ; place it upon an iron or earthen cup, and 
apply a lighted match. A brilliant deflagration takes place ; 
the mixture is termed the blue signal light. It can be seen at 
the distance of fifty miles. 


‘ 
CHROME, MANGANESE, ARSENIC, AND COBALT. 


591. Curome.—The most important compound of this metal 
is the bichromate of potassa, which is commonly prepared by 
heating the ore with nitre, when the chrome becomes chromic 
acid by attracting oxygen from the nitre; it combines at the 
same time with the potassa, part of which is afterwards with- 
drawn by another acid. 

592. Heat a few ‘grains of the bichromate to redness; part 
of the chromic acid loses oxygen, and becomes green oxide of 
chrome. 

593. Prepare five glasses, each containing a little of the 
bichromate in solution. 


I 


#;. ox 
- at 

I. Add to one carbonate of potassa in solution ; it combines 
with the excess of acid, and yellow chromate of potassa is 
formed. 

IJ. Proceed as in par. 47, page 15. 

III. Add nitrate of mercury in solution to the third glass ; 
chromate of mercury falls, in the form of an orange-coloured 
powder. seh 
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IV. Mix a few drops of a solution of nitrate of silver with | 


the bichromate in the next glass. Brick-red chromate of silver 
is seen. 
594, Mix intimately 95 grains of the bichromate with 110 


of common salt ; heat the mixture in a retort with 24 drachms 


by measure of aqueous sulphuric acid. Chlorine and chrome, 
or oxide of chrome, combine and produce a brilliant ruby- 
coloured vapour, chlorochromic acid, which may be condensed 
in a receiver; carry off the fumes as the process advances. 
Pour the product into three wine glasses, and add cautiously a 
drop of alcohol to one, of aqueous ammonia to the second, and 
a grain or two of sulphur to the third. . In each case, heat and 
light appear, from the action of the chlorine on the hydrogen 
of the first two compounds, or on the sulphur, and green oxide 
of chrome is at the same time seen. .These substances should 
be suspended at the extremity of a long cane, before they are 
added to the fluid. , 

595. Mancanzse.—Heat 100 grains of the binoxide (common 
peroxide) of manganese with 300 of nitre, in a crucible, to red- 
ness for half an hour, It attracts oxygen from the nitre, and 
unites with the potassa ; water dissolves it, giving a fine green- 
coloured solution, which becomes purple and of a pinkish hue 
as it is merely exposed to the air, or diluted with an additional 
quantity of water. Hot water induces these changes much 
more speedily than cold water. 

596. ArsENnic.—The violent poison known by this name con- 
sists of oxygen and the metal arsenic: it may be distinguished 
by the following characters :—Heat a grain in a dry test-tube ; 
it is volatilised, and condenses on the sides of the tube in crys- 
tals, which have a brilliant lustre. 

597. Heat a grain in another tube, after mixing it with twice 
its bulk of charcoal. Metallic arsenic condenses on the side of 
the tube, presenting a steel-grey lustre. 

598. Mix a little with a drop of a solution of nitrate of silver, 
and add a minute quantity of potassa ; yellow-coloured arsenite 
of copper is seen. Treat another portion in the same way with 
sulphate of copper ;.a similar action takes. place, and grass- 
green arsenite of copper appears. Add a little boiling water in 
both cases, if the proper tint is not seen’ at first. 
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599. CoBpatt.—Write on paper with a dilute solution of hy- 
drochlorate of cobalt ; nothing is observed when it is dry; 
heat it, and the characters traced with it appear of a fine blue 
colour. If the solution be mixed previously with common salt, 
a green tint appears. The colour fades again on cooling. 


MERCURY, SILVER, GOLD, AND PLATINUM. 


600. Mercury or quicksilver. Boil 10 or 12 grains of mer- 
cury in a test-tube, holding it in the flame of a spirit-lamp. It 
rises in vapour, and condenses in brilliant globules in the upper 
part of the tube. 

601. Heat 20 grains of mercury in a small evaporating basin, 
with 1 drachm by measure of nitric acid ; much gas is evolved ; 
the mercury takes oxygen from part of the acid, and combines 
with the rest. Heat the liquid till a dry mass appears, and 
then increase it gently till it becomes of a very deep red. 
Binoxide of mercury is thus obtained, which brightens as it 
cools, and presents small crystals.. Heat.a few grains in a test- 
tube, placing it in a spirit-lamp ; oxygen is expelled, and the 
mercury volatilised, condensing ultimately, as in 600. 


602. Mix 20 grains of mercury with one-third of the acid 


directed above, dilute it with three times its bulk of water, and 
allow the action to go on with little heat. A nitrate is formed, 
in which the mercury has little oxygen combined with it. 

603. Heat in a test-tube, as in 600, 20 grains of mercury and 
3 grains and one-half of sulphur. They combine, and produce 
vermillion, or bisulphuret of mercury, which assumes its usual 
tint when reduced to powder ; it is obtained with a brilliant 
hue only by slowly or repeatedly subliming it.. 

604. Heat 20 grains of mercury and 25 of iodine in the same 
‘manner ; a brilliant yellow biniodide is produced, which soon 
assumes a scarlet hue. 

605. Dissolve a few grains of bichloride of mercury, a virulent 
poison, in an ounce of water, and. divide it into four portions. 
Potassa and lime-water separate binoxide, the mercury deriv- 
ing oxygen from the water. Iodide of potassium produces 
biniodide of mercury. Hydrosulphuret of ammonia gives bisul- 
phuret of mercury, dark in colour till it is sublimed. 

606. Animal and vegetable matters subject to decay in damp 
situations, as wood and, canvass, are often steeped in a solution 
of the bichloride to preserve them. : 

607. Put a piece of tin-foil, two inches long by one broad, 
upon a sheet of paper; drop a little mercury upon it, spread- 
ing it upon the tin with a hare’s foot. Cover it with a slip of 
paper twice its own length, and place over the paper any plain 
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piece of glass. On drawing out the paper, pressing down the 
glass all the time, the tin.and mercury adhere to the glass, so 
as to produce a small looking-glass. 0 

608. Sitver.—This metal is distinguished by its pure white 
colour and brilliant lustre. It is very malleable and ductile. 

609. Add silver in fragments to aqueous nitric acid, exposed 
to heat, and diluted with three times its bulk of water, so long 
as it is dissolved. Part of the acid is decomposed, oxidating 
the metal, and the remaining portion combines with the oxide, 
forming nitrate of silver. Crystals are deposited as the solu- 
tion cools ; when these are fused to expel any adhering water 
or excess of acid, common lunar caustic is procured. 

610. Fuse half a grain of nitrate of silver on a slip of glass, 
heating it by the flame of a lamp. All the nitric acid and 
oxygen are expelled ; metallic silver alone remains. 

611. Dissolve 20 grains of nitrate of silver in an ounce of 
water, to be used as a solution for experiments with silver. 
Arrange six glasses with water, adding to each a few drops of 
the solution of silver, and afterwards the following tests in 
solution :— j 

612. Potassa separates oxide of silver as an ash-grey powder. 

613. Carbonate of potassa precipitates carbonate of silver. 

614, Lime precipitates oxide of silver. | 
_ 615. Hydrochloric acid, chlorine, and common salt, preci- 
pitate chloride of silver. | 

616. Chloride of silver is white and curdy, but assumes a. 
- dark colour on exposure to the light. - 

617. Put a fragment of copper into one glass, of zine into 
another, and a few grains of mercury into a third ; on covering 
each with a little of the solution of nitrate of silver, metallic 
silver soon appears, a corresponding quantity of the other metal 
which precipitates it being dissolved. 

618. Write on a piece of linen with a pen dipped in the solu- 
tion of the nitrate, and, when dry, immediately spread upon it 
a solution of potassa or soda. The oxide of silver is left inso- 
luble upon the cloth, and soon darkens in its tint, leaving a 
permanent mark upon the cloth. A solution of the nitrate 
forms common marking ink. The alkali is used to remove the 
nitric acid, and prevent the cloth from being corroded. A car- 
bonated alkali, as common soda, is often used instead of the 
purer alkali; 100 grains may be dissolved for this purpose in 
an ounce of water. | : i | 

619. Gotp.—This metal is distinguished by its malleability 
and fine yellow colour ; it is found principally in a pure form. 
Gold-leaf is so thin that 282,000 leaves are required to make up 
the thickness of an inch. In gilded silver-wire, the gold is less 
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than the 3,000,000th part of an inch in thickness. It is not 
affected by air or oxygen at any temperature, and common 
acids have no effect upon it. 

620. Put four or five gold leaves into an evaporating basin ; 
pour upon them a few drops of nitric and of hydrochloric 
acids. Chlorine from the hydrochloric acid quickly dissolves 
the gold. ‘Evaporate the solution to dryness, so as to expel 
excess of acid; terchloride of gold remains. 

621. Dissolve the terchloride in 30 or 40 drops of water. 
Dip a slip of glass into the solution, and heat it over a lamp ; 
the chlorine is expelled, and metallic gold remains. On look- 
ing through the glass, a purple tint is often seen. Write upon 
the palm of the hand with a pen dipped in a solution of the 
terchloride ; it acquires a purplish tint, which disappears in a 
few days. 

622. Heat a slip of glass in the flame of a lamp, touch 
powdered borax with it, when it immediately adheres. A drop 
of the solution is then to be put upon the borax, when it is to 
be heated by a lamp, taking care not to smoke it. A beautiful 
ruby-coloured compound appears; metallic gold is afterwards 
observed, if the heat be continued long. 

623, Put three drops of the solution upon paper, and add the 
following tests in solution. f Fh 

624. Sulphate of iron, which precipitates metallic gold of a 
dark colour, being in a minute state of division. : 

625. Hydrochlorate of tin produces a purple precipitate, con- 
taining gold and oxide of tin, and usually termed the purple 
precipitate of Cassius. | 

626. Hydrosulphuret of ammonia produces a dark coloured 
sulphuret of gold. ; 

- 627. Platinum is a metal much prized in making crucibles, 
capsules, and numerous other articles of chemical apparatus, as 
it is scarcely affected by any ordinary chemical agent, many of 
which corrode other metals. It is also very infusible, not being 
melted by the heat of any common furnace. 

628. Dissolve five or six grains of platinum wire in a drachm 
of nitric acid, mixed with an equal bulk of hydrochloric acid. 
Add more acid if it be required, and evaporate cautiously to 
dryness. Bichloride of platinum is obtained: dissolve it in 
one or two drachms of water. Add a solution of iodide of po- 
tassium to a part of it ; a deep coloured compound immediately 
appears. | : 

629. Add a solution of hydrochlorate of ammonia ; a ternary 
compound of this substance and the platinum is formed, and is 
soon precipitated of a yellow colour. Heated to redness ina 
crucible, every thing is expelled except the metallic platinum ; 
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it is not fused, but remains in minute particles, in which con- 
dition it absorbs much oxygen from the air, and when hydrogen 
is directed upon it, a red light is observed, and the hydrogen is 
soon inflamed. 


ALLOYS AND AMALGAMS, 


- 630. Alloys are compounds in which metallic bodies are com- 
bined solely with each other. They are formed in general by 
fusing the least fusible metal in the first instance, and adding 
the others to it. The term amalgam is usually applied to alloys 
containing mercury. Some alloys consist of two metals only, 
but in others a number are combined together. 

I. Brass = 3 parts copper +1 zinc. . 

II. Dutch gold and pinchbeck = copper and zinc combined 
in various proportions, according to the quality required. 

III. Bronze and gun-metal = 8 or 9 parts copper + 1 tin. 

IV. Bell-metal = 3 parts copper + 1 tin. 

V. Speculum metal = 2 parts copper + 1 tin. 

VI. Pewter = tin, with small portions of other metals. 

VII. Plumbers’ solder = 1 part tin + 2 lead. 

VIII. Tinfoil = tin + a small portion of lead. 

IX. Fusible alloy = 8 parts bismuth + 5 lead + 8 tin. 

X. Rose’s fusible alloy = 2 parts bismuth + 1 lead + 1 tin. 

XI. Gold coin = 11 parts gold + 1 copper. ; 

XII. Standard silver = 12 and 1-3d silver + 1 copper. 

XIII. Tinned iron, or tin plate, consists of iron coated on the 
surface with tin. | 

631. Many metals may be coated with gold or silver by pre- 
cipitating the gold and silver upon them from their solutions. 

632. Fluid amalgams of gold and silver are used for the same 
purpose ; they are spread upon the metals to be coated, and 
the mercury is expelled afterwards by heat. 

633, Eight parts of the fusible alloy + 1 mercury = an 
amalgam. which is fluid at 170 degrees. 

634. Amalgam for the electrical machine = zine 1 part + 1 
tin + 2 mercury. 
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CHAPTER XXIV. 
ORGANIC CHEMISTRY. 


635. Organic chemistry signifies the chemical history of the 
various proximate principles which have been observed in the 
animal and vegetable kingdoms, and which are there associated 
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together so as to produce a peculiar structure, termed organic, 
such as is never seen in any of the products of the mineral 
kingdom. Gum, sugar, starch, woody fibre, albumen, fibrine, 
gelatine, and all those numerous substances of which plants 
and the bodies of animals are composed, constitute those proxi- 
mate principles which are the products of animated nature. 
All of them, however, are composed principally of a very few 
of the same elements. 

636. Vegetable substances are composed principally of car- 
bon, oxygen, and hydrogen ; nitrogen is more rarely observed 
in them. Animal matters consist generally of carbon, oxygen, 
hydrogen, and nitrogen ; the presence of nitrogen gives to them 
many of the more peculiar properties by which they are dis- 
tinguished from vegetable substances. 

637. All animal and vegetable substances are decomposed by 
heating them in an open fire, burning as their carbon and hy- 
drogen act freely on the oxygen of the air. They leave in 
general a small quantity of ash, composed either of potassa, 
various salts containing soda, potassa, or lime, and traces of iron 
or other metals. 

638. The chemical changes that take place in the animal and 
vegetable kingdom during life, consist essentially in the trans- 
formation of part of the varied materials used as food, so that 
they become assimilated, and take their place as portions of 
the living texture, while other matters which may have already 
occupied a similar station are gradually removed to make way 
for that arrangement that may at the moment be best adapted 
for the living frame. Thus, a perpetual accession of new par- 
ticles and removal of others proceeds. steadily and uninter- 
ruptedly so long as life is sustained, The precise nature of the 
chemical changes that occur in most of these cases, is very ob- 
scure, and traced with much difficulty, though the general 
action is understood. Matters forming part of a living system, 
do not present the same chemical changes that are observed 
in dead matter ; this does not arise from there being one kind 
of chemical action to which minerals and dead matters are 
subject, and another for matter endowed with life, but merely 
from the peculiar circumstances in which they are placed in 
the living system, preserving them in a particular condition, in 
the same manner as mineral substances may be exposed to one 
operation, or protected from the action of particular bodies by 
peculiar treatment. f . 

639. It is curious, however, to observe how speedily any por- 
tion of animal or vegetable matter becomes subject to ordinary 
chemical changes when its vitality is gone, whether this may 

, have ensued in consequence of its having been injured or removed 
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altogether from any connexion with the frame to which it was 
attached, or from-the whole body having been deprived of life. 
A very remarkable illustration of this fact is presented in the 
bodies of persons or animals who may have been killed sud- 
denly. There, the gastric juice, a peculiar fluid subservient 
to digestion, which affects the food only during life, instantly 
attacks the substance of the stomach, when life is extinct, in 
the same manner as it continues to affect the food itself, cor- 
roding it often to such an extent in its most depending part, 
that it is completely perforated and destroyed by that very 
agent which it supplies during life for promoting digestion and 
the nourishment and strength of the system. 

640. Again, the examination of the great changes effected 
within the system while the temperature is comparatively 
stationary, has taught chemists a very important lesson, 
namely, that great and new changes may probably be effected 
on all kinds of materials by long exposure to various carefully 
regulated temperatures ; and in modern times, no principle has 
been applied: with more success in preparing different com- 
pounds, and in examining generally the products of the animal, 
vegetable, and mineral kingdoms, than that which we have 
now mentioned as being dependent on the long-continued 
application of a fixed and carefully regulated temperature. 

641. When heated in vessels so that the air is excluded from 
them, much carbureted hydrogen gas is evolved; water, tar, 
and numerous oily or resinous compounds, may also be sepa- 
rated by distillation, and a considerable quantity of charcoal 
remains. But the precise effects produced are much influenced 
by the exact degree of temperature to which they are sub- 
jected, so that very various products may be obtained from the 
same materials, according to the degree of heat applied. Changes 
induced by a temperature comparatively low, and without the 
separation of carbon, are said to be effected by the white distil- 
dation, the resulting products being always of a light colour, 
while part of them are generally converted into vapours which 
may be separated by distillation. Products obtained by ex- 
posing animal or vegetable matters to a high temperature, are 
_ said to be formed by destructive distillation ; they are usually 
mixed with tar and carbon, which give them a dark appear- 
ance. 

642. When animal or vegetable substances are combined 
with various chemical agents, they may be rendered much less 
prone to putrefaction or decay than they are under ordinary 
circumstances. This depends in some cases upon a combina- 
tion being effected between the organic matter and the sub- 
stance used, while on other occasions they appear to operate» 
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principally by excluding the action of atmospheric air. This 
is particularly observed in many of the processes adopted for 
curing meat and preserving fruit. Occasionally, however, the 
principal value of some of the materials used depends on the 
insolubility of the compounds they form with different animal 
or vegetable substances that may have been fluid previously, 
and extremely prone to decomposition. Metallic salts have 
been very generally used for the purpose of preserving timber 
in exposed situations, among which the hydrochlorate of zinc, - 
introduced lately by Sir W. Burnett, has been much employed ; 
it is applied in solution, not only to wood, but also to saik-cloth, 
cordage, or other materials, which are steeped in the solution, 
and subsequently dried. Kreosote, which is powerful in coa- 
gulating numerous albuminous compounds, owes its power of 
preserving various animal substances to the impervious nature 
of the compound it forms with the albuminous fluids, which 
would otherwise be prone to putrefaction. 

643. The entire exclusion of the air is very favourable for 

the preservation of numerous animal and vegetable substances 
from decay ; which may apparently be preserved indefinitely, 
or at least for a series of years, without undergoing any change. 
This is well illustrated in the various processes introduced of 
late years for preserving meat, more particularly in those intro- 
duced by Mr Gillon. In the process conducted by Mr Goldner, 
the materials being cooked and heated at a temperature elevated 
moderately above 212 degrees, the atmospheric air is entirely 
expelled through a small aperture by the steam formed within 
the tin case in which they are heated, after which all commu- 
nication with the external atmosphere is intercepted by closing 
the aperture suddenly with solder, while the steam is still 
escaping in full force. 
_ 644, On board ship, bread that becomes overrun with insects 
under ordinary circumstances, may be kept indefinitely in air- 
tight iron tanks without injury. And where the bread has 
been already injured from the cause now mentioned, the in- 
sects are soon destroyed if they be introduced into air-tight 
tanks, any oxygen necessarily present at first being soon con- 
sumed if they are well filled. 

645. The greater number of organic products are prone to 
putrefaction, which: proceeds most rapidly at a warm tempe- 
rature, and when there is abundant access of air and moisture. 
Excessive heat retards or arrests it altogether by expelling 
moisture, and extreme cold produces the same effect by induc- 
ing congelation, 
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CHAPTER XXV. 


VEGETABLE CHEMISTRY. 


646. All seeds contain a germ, which produces the future 

plant. Germination is the process by which the germ begins 
to grow from the seed, one part, the radicle, descending ‘into 
the earth and forming the roots, while another, the plumula, 
ascends and produces. the stem. When the seed is planted, 
sugar is formed by the matter around the germ, constituting 
the first nourishment it receives. The presence of oxygen is 
necessary to commence germination, which cannot proceed at 
a great depth from the surface of the soil in which the seed is 
placed. 
647. Vegetation includes all those processes which are neces- 
sary to the growth of the plant after germination. By absorp- 
tion, nutritious matters are taken up by the roots and other 
parts of plants ; by circulation, the sap is carried to the leaves, 
where a process similar in some respects to the respiration of 
animals is carried. on, though very different in respect to the 
products evolved,* after which it is conveyed where the diffe- 
rent proximate principles are separated from it by the process 
of secretion. 

648. Though the minute history of the chemical changes 
that ensue in the living system in the animal and vegetable 
kingdoms, has not hitherto been traced, a very great amount 
of valuable information has been obtained in reference to the 
nature and properties of the different proximate principles, 
and the relations which they bear to external agents. The 
products observed in the vegetable kingdom that have at- 
tracted most attention, are described in the succeeding chapters, 
The following table gives a view of the composition of sonie of 
the more important vegetable compounds, which will enable 
the beginner to become familiar with a few examples, showing 
the great diversity of compounds that may be formed by a few 
. elements uniting in various proportions. 


* See Respiration of Animals. 
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TABLE SHOWING THE COMPOSITION OF DIFFERENT VEGETABLE 


PRINCIPLES. 
Component Parts. 
Katy | heen a. 
8 Ae ie g 
Names. Symbols. § a Fy § g | SS 
3 Bo han 5] Ube ge 
a is: Se q © 25 
ica) & & 4 = os 
Y 2) 
meee ae 
ONE, POETS WARNE REE POE BE ee Bes reba) he 
Oxalic Acid, - - :02 36:24 || 12°24 24 
Brim OFyete 3-H-+:C2 63°24 || 1224] 94 
Acetic Acid, - - A or O8C4H3 | 51°48 || 24:48) 24 3 
Tartaric Acid, - T or O5C4H?2 | 66°48 || 24:48) 40 2 
— — Cryst.| -H+05C4H2 | 75:48|| 24-48] 40 2 
Citric Acid, - - 04C4#H2 58°48 || 24°48] 32 2 
— — Cryst.| 2H+04C4H2 | 76-48 || 24-48} 32 2 
Benzoic Acid, - Bor O?C14H5 | 114°68 || 85°68 24 5 
Gallic Acid, - - G or O5C7H3 | 85°84}} 42°84] | 40 5) 
Succinie Acid, - S or 03C4H2 50°48 |} 24°48} 24 2 
Hydrocyanic Acid, OHC2N 27°44 |} 12°24 8 1 
Gyanic Acid, - - *C2N 26°44 || 12°24 8 
Morphia, - - -- 06C34H18N 288°28 || 208-08 48 18 
Quina, - - - - 02C20H12N 164°6 || 122-4 16 12 
Cinchonia, - - OC20H12N 156°6 || 122°4 8 12 
Strychnia, - - - O8C30HIEN | 237-8 || 183°6 24 16 
Camphene, - - C108 69°2 61:2 8 
Camphor, - - - OC10H8 77°2 || 61-2 8 8 
Benzule, - - - Bz or 02C14H5 | 106°68 || 85°68}. 16 5 
Pyroxilie Spirit, - OCH? 16712 || 6°12 8 2 
Sugar, dry, - - 010¢12—710 163°44 || 73:44] 80 10 
Sugar, common, - Ol1¢c12A1I1 172°44 || 73°44] 88 1] 
Sugar, starch, - 014C12H14 1199-44 || 73-44] 112 14 
Aleohol, - - = - OC?H3 21°44 || 12-24 8 3 
O+(C4H5, 
Ether, - - - { or °H+C4H4, | 37:48 || 24°48 8 5 
or OC4H5 
Hyponitrous Ether, | :N-+OC#H5 75°68 || 24°48] 32 S 
Etherine, - - - C4+H4 28°48 |) 24:48 4 
Aldehyde, - - OC?H?2 22°24 |) 12°24 8 2 
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CHAPTER XXVI. 
VEGETABLE ACIDS AND ALKALIES. 


649. Owxalic acid is very soluble in water ; crystallises with 
facility when its watery solution is concentrated. It is very 
acid, and a virulent poison. Employed in polishing brass, and 
in cleaning leather. It is much used as a test of lime, form- 
ing a very insoluble compound with it. It may be obtained 
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from the juices of various plants, but is formed, in general, 
artificially by heating nitric acid with impure sugar unfit for 
ordinary purposes, or by heating various vegetable matters, 
as sawdust, with lime, to a temperature between 400 and 500 
degrees, removing afterwards the lime by the action of sul- 
phuric acid. | 

650. Acetic acid is the acid of vinegar, and is formed also in 
large quantity by heating wood, ex¢luding the air; obtained 
from this source, it is often termed pyroligneous acid. In a 
concentrated form it has a very pungent and fragrant odour, 
and is then used for vinegarettes. 

651. Take 1 ounce of vinegar by measure, mix it with a 
little vegetable blue, which is reddened, and add to the solution 
bicarbonate of potassa in fine powder till the acetic acid is 
neutralised, the blue tint being restored. Note the quantity 
of bicarbonate employed, and calculate the quantity of acetic 
acid in the solution, 101 grains of the bicarbonate containing 
a eee: quantity of potassa to neutralise 51 of real acetic 
acid. 

652. Acetic acid corrodes many metals ; with oxide of lead 
it forms the acetate or sugar of lead. With oxide of copper 
verdigris is produced. 

653. Tartaric acid is procured from cream of tartar. It is 
not volatile like the acetic acid, and is decomposed when 
heated. One equivalent of water is always'combined with it, 
in the condition in which it is obtained ; 75°48 grains of the 
crystals are always used where 66°48 of the acid are required. 

654. Dissolve 75 grains of crystallised tartaric acid in a 
tumbler one-third full of water, and dissolve 101 grains of 
bicarbonate of potassa in another, adding a little sugar and 
ginger or cinnamon powder to the mixture, if required to com- 
municate any flavour to it. On mixing the solutions, an effer- 
vescing draught is formed, from which the carbonic acid 
escapes quickly ; tartrate of potassa being formed in solution, 
and carbonic acid gas rapidly disengaged. For an ordinary 
draught, half the above quantity of materials is generally 
employed, a few grains of acid being added in excess, to com- 
municate an acidulous taste. 

655. Add a few drops of a solution of tartaric acid to a 
concentrated solution of carbonate of potassa, till a neutral 
tartrate of potassa,is formed ; it is very soluble in water. Add 
afterwards more tartaric acid till the solution is very acid ; 


cream of tartar (bitartrate of potassa) falls down in small 
crystalline grains, | 


656. Citric acid is obtained from the juice of the lime and— 


of the lemon. It is soluble in water, crystallisable, easily 
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decomposed by heat, and, when crystallised, may be kept for 
any length of time, not being apt to decompose like the juice 
from which it is separated. 

657. Malic acid, termed also sorbic acid, is found in the juice 
of the apple and of other vegetable fruits. 

658. Gallic acid is obtained from gall nuts, but may be pro- 
cured also from numerous other vegetable substances, as the 
bark of the oak and the tea leaf. It is particularly distin- 
guished by producing with peroxide of iron, when these sub- 
stances meet each other in solution, a dark-coloured compound 
which forms the colouring matter of common ink. The 
colouring matter of ink may, accordingly, be destroyed by any 
substance which acts either on the gallic acid or on the peroxide 
of iron. Acids, particularly sulphuric, nitric, hydrochloric, 

and oxalic acid, destroy the colour of ink by combining with 
the peroxide of iron and liberating the gallic acid. Alkalies 
remove the gallic acid, and leave the oxide of iron. A solution 
of gallic acid often restores faded ink by acting on the iron. 
Chlorine appears to act on the gallic acid and decompose it, 
while another portion combines with the iron. Oxalic acid, 
and other vegetable acids, remove the colour of ink, without 
destroying the texture of paper or other organic matters, in 
the same manner as mineral acids. 

659. Succinic acid is procured by sublimation from amber. 
It is much employed, when combined with ammonia, in pre- 
cipitating peroxide of iron. ) 

660. Put 20 or 30 grains of benzoic acid into a Florence 
flask, and expose it very slowly and cautiously to the heat of 
a lamp; it is soon melted, and converted into vapour, con- 
densing in beautiful crystals upon the upper part of the flask, » 
if the heat be not too great. Ifa piece of thread, or any solid 
substance, be suspended in the interior of the flask, the crystals 
collect very beautifully upon it. 

661. Prussic or hydrocyanic acid exists in minute quantity 
im a number of flowers and fruits, communicating to them a 
very rich and agreeable flavour, as in the flower of the haw- 
thorn, in the peach, and in the almond. It contains no oxygen, 
and is composed entirely of cyanogen and hydrogen; 26°44 
parts of cyanogen contain 12°24 of carbon and 14°2 of nitrogen. 
Symb. C2N.. With 1 of hydrogen, 26°44 of cyanogen produce 
27°44 of prussic acid. Symb. HC2N. It is distinguished by 
its great power, when in a concentrated form, in affecting the 
animal economy, a few drops being quite sufficient, when laid 
upon the tongue of a large dog, to produce instant death, 
almost with the rapidity of lightning. Laurel water, noyau, 
and many other liquids, contain a portion, and sometimes give 
e 
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rise to fatal effects, when the prussic acid is present in too 
large quantity. 

662. No fact appears more singular at first, than that a 
principle of such powerful activity in reference to the animal 
economy, should consist of the very same elements as are 
consumed every day in our food; but chemistry abounds in 
facts such as these, as is observed, for instance, in the com- 
pounds of oxygen and nitrogen, these elements constituting in 
one proportion the air that we breathe, and in another the 
corrosive nitric acid or aquafortis. 

663. Prussic acid is usually prepared from ferrocyanate of 
potassa, a yellow-coloured salt, which is formed on the large 
scale by heating animal matter with potashes and iron. This 
salt is mixed with half its weight of sulphuric acid, previously 
diluted with three or four times its bulk of water, and allowed 
to cool before it is poured upon the salt in powder; the acid 
uniting with the potassa and the prussic acid, which is united 
with iron in the salt, may be condensed in a receiver in com- 
bination with the water which distils along with it. The acid 
should be prepared only in small quantity, and always diluted 
with water, by those not accustomed to operate with it, so as 
to prevent any risk of accident. The receiver ought to be kept 

‘very cold. Five or six grains of the salt are quite sufficient to 
give enough of the diluted acid to allow its flavour, so similar 
to that of the hawthorn, to be recognised. 

664. As a chemical agent, hydrocyanic acid is extremely 
feeble, and very prone to decomposition. Strong and pure 
acid begins to be decomposed when subjected to the action of 
light, and, in warm weather, very soon after it has been pre- 
pared. 

665. To detect hydrocyanic acid in fluids suspected to con- 
tain it, the following process may be adopted. Distil the 
suspected liquid, after adding a little acetic acid to combine 
with any alkali that may be present. Add to the product 
salts containing the oxide and peroxide of iron ; liberate these 
oxides by the addition of potassa, when prussian blue is formed, 
if prussic acid be present. A few drops of hydrochloric acid 
Ree the blue more distinct, by dissolving any excess of oxide 
of iron. 

666. Cyanogen may be procured by heating the bicyanide 
of mercury in a glass or iron tube. It is a pungent suffocating 
gas, very inflammable, and burns with a purple-coloured flame. 

667. Cyanic acid. is composed of cyanogen and oxygen. 

668. Fulminic acid is considered isomeric with cyanic acid. 
It is formed when silver or mercury is dissolved in nitric acid, 
and mixed subsequently, while still warm, with alcohol. The 
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nitrogen and oxygen are supplied by the acid, and the carbon 
by the alcohol. ‘The fulminic acid forms insoluble compounds 
with silver and mercury, which explode with great violence 
when heated, and also by friction or percussion. They ought 
to be prepared only in very small quantities at a time, and 
with the utmost caution. 

669. Vegetable alkalies. —A number of compounds called 
vegetable alkalies, have been discovered in many of the more 
important medicinal substances obtained from the vegetable 
kingdom ; in these the medicinal properties of the substances 
from which they are extracted are found more particularly to 
reside. Morphia is the name of the most important vegetable 
alkali procured from opium. Quina and cinchonia are pro- 
cured from Peruvian bark. Strychnia is obtained from nuwx 
vomica, and veratria from white hellebore. All these sub- 
stances, and many others, are termed vegetable alkalies, and 
sometimes alkaloids, as they combine with acids, neutralise 
them, and form salts, in the same manner as other alkalies, 
They are composed of the usual elements of vegetable matter, 
but contain also a considerable quantity of nitrogen. 
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CHAPTER XXVIII. 
OILY AND RESINOUS SUBSTANCES. 


670. All. oily and resinous substances are composed, in 
general, of about 80 per cent. of carbon, 11 or 12 of hydrogen, 
and 8 or 9 of oxygen ; some contain no oxygen, as camphene, 
commonly called the spirit of turpentine. Exposed to the air, 
on any extensive surface, they are apt to imbibe oxygen slowly ; 
and some fixed oils, even at natural temperatures, gradually 
become warm under these circumstances, and burst ultimately 
into flame, sometimes in a few days, but often not till weeks 
or months have elapsed. Numerous fires have been traced to 
the spontaneous inflammation of oil spread upon tow or cotton, 

671. Volatile oils rise in vapour at the temperature of boiling 
water ; they burn in general with much smoke, and are easily 
inflamed. 

672. Put an ounce. of cinnamon bark in fragments into a 
retort ; cover it with water, and distil a portion of the water 
into a receiver ; a portion of volatile oil, having the odour of 
the cinnamon bark, rises along with it, and renders it milky as 
it condenses in the receiver. 

673. Pour a few drops of oil of turpentine upon a piece 
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of paper, and heat it gently before the fire, or over a lamp, at 
a distance from the flame. It is soon entirely dissipated, leay- _ 
ing no greasy stain upon the paper. 

674. Dip a piece of paper in oil of turpentine, put upon it a 
grain of chlorate of potassa in powder, and touch it with a drop — 
of aqueous sulphuric acid; peroxide of chlorine is imme- 
diately liberated, and inflames the turpentine. 

675. Put two drachms by measure of oil of turpentine into 
any cup or basin placed in the open air, or at a large ventilator. 
Put into a glass, tied to the end of a long stick, four drachms © 
by measure of strong aqueous nitric acid and one of aqueous 
sulphuric acid, taking care that there is no turpentine in the 
measure employed. Hold the mixture as far away from the 

face as can be done conveniently, and pour it upon the oil of 
_ turpentine ; much oxygen is immediately communicated to it, 
and the turpentine is inflamed with explosive violence. 

676. Fixed oils are frequently obtained by expression ; they 
are thicker than volatile oils, and unctuous to the touch, and 
require a temperature about 600 degrees to convert them. into 
vapour. They may be regarded generally as compounds of 
two principles, Elain, or the more fluid portion, and Stearin, 
the more solid part, which freezes in cold weather before the 
elain. When the oil is boiled with potassa or soda in solution, 
soap is formed, and a substance having a sweet taste is sepa- 
rated, which is usually termed glycerine. 

677. Heat a few drops of any fixed oil upon paper ; it is not 
volatilised except by a heat sufficient to decompose the paper. 

678. Boil soft soap in twice its bulk of spirit of wine, filter- 
ing the solution if it be not transparent. 

679. Add a portion to common water ; if very pure, only a 
slight opalescence is observed. 

680. Add a little of the solution of hydrochlorate or sulphate 
of lime to water, and mix with it a portion of the solution of 
soap ; the acid unites with the alkali of the soap, and remains 
in solution, a curdy precipitate, consisting of the earthy and 
oily matter of the soap, is separated. 

681. To another solution of the hydrochlorate or sulphate of 
lime, as in 680, add carbonate of potassa, or of soda, so long as 
any precipitate is formed. The acid of the earthy salt unites 
with the alkali of the carbonate, and the lime and carbonic 
acid fall down as an insoluble carbonate. Add the solution of 
soap to the liquid in this condition ; it is not decomposed ; the - 
acid of the earthy salt is already combined with alkali, and the 
earthy matter has been precipitated, so as to be incapable of 
affecting the oily or fatty matter. 

682. Dissolve 10 or 20 grains of resin in three or four times 
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its bulk ofalcohol. Pour the solution into a large quantity of 
water; the alcohol unites with the water, and the resin is 
separated. ; 

683. Perform a similar experiment, using camphor instead of 
resin ; it is dissolved and precipitated in the same manner as 
the resin. 

684. Heat a few grains of camphor in a tube by a small 
lamp. It soon melts, produces a transparent fluid, which is 
quickly volatilised, and condenses in a Ses form in the upper 
part of the tube. 

685. Put an ounce of waw into a teacup or evaporating basin ; 
melt it. by placing it in boiling water, preventing any from 
mixing with the wax. Untwist a piece of cord, and dip the 
separate parts into the wax; cut them into lengths of 6 or 8 
inches, to be used as matches in applying a light in chemical 
experiments. 

686. Benzule is the name applied to a compound which 
forms the basis of several vegetable substances. Benzoic acid 
is a compound of benzule and oxygen. 

687. Balsams are viscid liquids or solids procured from dif- 
ferent vegetables. 

688. Amber is considered to have been a balsam originally, 
and to have become subsequently solid. 

689. Gum resins are concreted vegetable juices, such as 
gamboge and guaiac, which contain various vegetable prin- 
ciples. 

590. Caoutchouc, or India rubber, is the concrete juice of the 
ficus elastica and some other trees. It is soluble in spirit of 
turpentine, naphtha, ether, and in the fluid it affords by 
destructive distillation. Its solution in naphtha, thickened 
and made to resemble a paste, forms the material employed in 
preparing waterproof cloth, according to Macintosh’s patent. 


PRODUCTS OF DESTRUCTIVE DISTILLATION. 


691. When vegetable or animal substances are heated to a 
high temperature, all access of atmospheric air being excluded, 
numerous compounds are formed, varying greatly according to 
the materials from which they are obtained, and the tempera- 
ture to which they may have been subjected. Among these, 
the following are the most important :— . 

692. Tar is the dark-coloured mixture of oily and resinous | 
substances, with water and acetic acid, which is extracted from 
the fir by the application of heat, care being taken to prevent 
combustion. Coal tar is similar to wood tar in its general 
appearance and properties, but differs from it in many details ; 

K 
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it is in particular very alkaline, from the ammonia associated 
with the water. All tarry substances, when exposed to a 
gradually increasing heat, lose all the water they contain, and 
other products associated with it, and a variety of oily products, 
more or less volatile ; a resinous solid remaining, termed pitch, 
which is hard and brittle, if much oil shall have been removed, 
and soft and unctuous should a small portion only have been 
expelled. 

698. Pyrowilic Spirit is the name applied to a clear and 
colourless fluid which is formed by the destructive distillation 
of wood. It resembles alcohol in the flame with which it 
burns, and is often used as a substitute for it in spirit lamps. 
It has a peculiar odour, and burns with a smokeless flame. 

694.. Paraffine is an inflammable solid, which has been pro- 
cured by distillation from the tar of beechwood, and from 
certain varieties of petroleum. It is white, tasteless, inodorous, 
soluble in alcohol, turpentine, and naphtha. It burns bril- 
liantly and without smoke, and is not decomposed by the action 
of acids, alkalies, and other powerful chemical agents. - 

695. Eupion is the name given to a volatile oil which is 
obtained by distillation from the tar of animal matters, 

696. Kreosote is a volatile liquid which has been obtained 
both from wood and coal tar. Its more characteristic property 
is its power in coagulating albumen. Its odour is similar to 
smoked meat, in which the kreosote is considered to form a 
compound with the albuminous materials. It is soluble in 
alcohol, ether, naphtha, and acetic acid. Water mixed with it 
acquires its taste and odour. In aconcentrated form it is used 
toothache, coagulating albuminous substances, and protect- 
ing the nerve from the immediate action of the air, by the 
dense compounds formed upon it. 
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CHAPTER XXVIII. 


LIGNIN, GUM, STARCH, AND GLUTEN. 


697. Lignin is the term applied to woody fibre. It is com- 
posed of the usual elements of vegetable matter, but contains 
also minute quantities of potassa and various salts. Mix a few 
chips of wood with aqueous sulphuric acid. It is blackened, 
charcoal being separated as it is decomposed by the sulphuric 
acid ; sulphurous acid and other gases are evolved. 

698. Gum is a term applied to several vegetable products, of 
which gum-arabic is the most important. Dissolve gum-arabic 
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in water, after reducing it to powder, placing it in a flask or 
cup heated by immersing it in boiling water. Mix a portion 
of the solution with an equal bulk of alcohol ; the water unites 
with the alcohol, and the gum is separated. 

699. Cherry-tree gum is similar in many respects to gum 
arabic, but is insoluble in cold water. 

700. Pectin is the term applied to the gelatinous matter which 

abounds in numerous fruits. It forms a mucilage with water, 
which is less adhesive than that of gum. 
- 701. Tannin is a peculiar principle found abundantly in the 
vegetable kingdom. It is solid, has an astringent taste, is 
colourless and inodorous, is soluble in water, alcohol, and 
ether, and gives a bluish-black precipitate with salts of iron. 
It resembles gallic acid in several respects, but is distinguished 
from it by precipitating gelatine. 

702. Vegetable albumen bears a considerable resemblance to 
animal albumen, and is coagulated by heat. It is often ob- 
tained in the solid form, as in the seed of the sweet and bitter 
almond, and in other fruits. 

703. Grate down several potatoes in a basin, covering them 
with water, and stirring the mixture for a little time; the 
starch which they contain separates from the fibrous matter, 
and may be seen at the bottom of the mass, being heavier than 
water, and insoluble in it when cold. 

704, Mix starch with cold water, and then pour boiling 
water upon it ; astrong gelatinous mass is formed, if too much 
water be not poured upon it. It is very nutritious. Sago, 
tapioca, arrow-root, and potato flour, are all composed of starch. 

705. Mix a table-spoonful of wheaten flour with water, so 
as to produce a stiff dough. Spread it upon the palm of the 
left hand, hold it over a basin of cold water, and with the right 
hand pour water upon it so long as a milky fluid appears 
exuding from it, pressing it gently from time to time with the 
finger. Flour consists principally of starch and gluten mixed 
with gum and sugar. The water dissolves the gum and sugar ; 
the starch is carried away mechanically suspended by the 
water, and gluten remains on the hand. If the flour be of good 
quality, about one-third of its weight of gluten is usually 
obtained. Flour is often sold of such indifferent quality that 
little gluten is procured from it. Gluten is the most nutri- 
tious part of flour, and forms the numerous little cells that 
appear in fermented bread, as gas and vapour rise in the 
substance of the dough. It contains nitrogen along with 
carbon, oxygen, and hydrogen, resembling animal matter in its 
composition. 
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CHAPTER XXIX. 


VEGETABLE COLOURING MATTER. 


706. Numerous proximate principles are familiarly known, 
which are particularly distinguished by their colour. Each 
of these is to be regarded as a distinct compound, of which its 
peculiar colour is only one of numerous properties which it 
may present. It is accordingly subject to all the usual che- 
mical changes of which colouring matter is susceptible. It may 
be separated from other materials ; it may be decomposed, and 
deprived consequently of its colour; it may be formed again 
by new arrangements in some cases, when its colour is restored ; 
it may be combined chemically with various bodies, acquiring 
a new colour, or becoming colourless, according to the nature 
of the substance with which it is associated. 

707. The art of bleaching consists in depriving the substances 
that are bleached of any colour that they may possess, and also 
of any impurities with which they may be stained. Chlorine, 
acids, and alkalies, are the principal agents used for this pur- 
pose, the former destroying all animal and vegetable colouring 
matter, while the others, from their extensive chemical agency, 
act powerfully upon numerous substances that may be asso- 
ciated with them. | 

708. The art of dyeing consists in communicating to cloth or 
other substances the various tints that may be required, and is 
founded upon the chemical attraction that subsists between 
colouring matters and those to which they are applied. Some 
colouring matters, as Indigo, if merely dissolved, and brought 
in contact when in solution with cloth, leave the materials 
composing the solution, and combine with the cloth; such 
colouring matters have a strong attraction for cloth, and are — 
usually termed substantive colouring matters. Others, again, 
having a feeble attraction for cloth, may still be combined with 
it in a comparatively permanent manner by the addition of 
various metallic oxides, earths, or other chemical agents; all 
of which unite together so as to form one compound. In such 
cases the chemical agent employed, which is usually termed a 
mordant or basis, is combined with the cloth before the colour- 
ing matter is applied; colouring matters used in this manner 
are usually termed adjective colouring matters. . 

709. Calico-printing is a kind of topical dyeing, by which 
the colouring matter, or the mordant that fixes it, or both, are 
apphed only to certain parts of the cloth, so as to present a 
pattern. Sometimes wooden blocks, having patterns cut on 


CHROMULE—CHROMOGEN—ERITHROGEN. 143 


them, are used for this purpose; these being applied with a 
light touch to a thick mixture of the materials used, so that 
they are received by the pattern in the same manner as ink is 
received by types. On other occasions, the whole cloth is 
dyed in the first instance, and a white figure produced subse- 
quently by applying the pattern after it shall have received 
any materials that must decompose, dissolve, or withdraw the 
colouring matter wherever it touches the cloth. If the mordant 
be withdrawn by any other chemical agent, that alone is suffi- 
cient to enable the colouring matter to be discharged with 
facility. 

710. Chromule is a term applied to various coloured principles 
that may be obtained from the leaves and flowers of plants. 

711. Chiorophyle is the term applied to the green colouring 
matter of the leaves of plants. 

712. Chromogen signifies a matter that has no colour in itself, 
but which may still be considered as a basis of colouring 
matter, as, by the action of other bodies, colour may be deve- 
loped in it. If water containing sulphurous acid be added to 
the colouring matter of common coloured cabbage in solution, 
it decomposes it, and a colourless compound results. The 
colouring matter is reduced to the state of a chromogen. But 
if a portion of the colourless compound be mixed with a little 
sulphuric acid, a brilliant red tint appears. If ammonia, or any 
other common alkali, be added to a second portion of the 
colourless liquid, a fine green appears. 

713. Erithrogen is the term applied to that variety of chro- 
mogen which becomes red with acids. The term xanthogen is 
applied to those that become yellow by the action of alkalies. 

714. Cut a common red cabbage into small pieces, and boil 
it for a short time with no more water than is required to cover 
it. Use the solution procured in this manner, or by simply 
infusing the cut cabbage in boiling water, as the cabbage or 
vegetable blue so often referred to in the preceding pages. 

715. Dip into the solution a number of slips of paper, four 
or six inches square; keep them there till they imbibe some 
colouring matter, and then dry them, excluding them after- 
wards from the action of the light, until they are required for 
use. Cut off small slips, which may be touched with a minute 
quantity of any solution, to be tested so as to indicate the pre- 
sence of acid or alkali, as they are reddened by one, and turned 
to a green by the other. 

716. Dilute a solution of the vegetable blue, and try alter- 
nately the action of acids and alkalies upon it. Acids render 
it red; alkalies turn it to a green. 

717. Boil litmus in five or six times its bulk of water ; pre- 
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pare test papers with the solution asin 715. They are reddened 
by acids, but not turned to a green by alkalies. 

718. Pour upon a table-spoonful of turmeric placed upon a 
common plate three or four times its bulk of boiling water, 
and prepare turmeric test papers asin 715. They are of a fine 
yellow, and become reddish-brown by alkalies, but are not 
affected by acids. : 

719. Add a little alum in solution to a dilute solution of 
litmus in a jay or flask ; mix a little potassa with the liquid 
till the alumina appears, which combines with the colouring 
matter as it is precipitated. 

720. Dip a piece of cotton cloth into a diluted solution of 
sulphate of iron, and allow it to dry ; immerse it afterwards in 
an infusion of galls, containing gallic acid; it unites with the 
iron, and the cloth is dyed of a bluish-black colour. 

721. Mix a little of the solution of the sulphate of iron with 
paste, spread it very thin upon cloth, and take up a little by 
pressing upon it any stamp or block of wood with a pattern 
cut upon it, which may be applied many successive times to 
different parts of the cloth if required ; any plain piece of wood 
will do, if no pattern can be made. Dry it, immerse it Ina 
little aqueous ammonia diluted with much water; the acid is 
removed, and the pattern appears on the cloth in the form of | 
oxide of iron. Run a little water upon it, and pour upon one 
portion the infusion of galls. A black pattern is now seen 
upon a white ground. Put another portion into a basin of 
water, to which a few drops of. ferro-cyanate of potassa in 
solution and aqueous nitric acid shall have been added. A blue 
pattern is now observed. 

722. Put a number of flowers of any colour, ‘and also seve- 
ral green leaves, into a vase of chlorine ; all of them are quickly 
blanched. 

_ 723, Put a hank of unbleached yarn, and a number of strips 

of different coloured cloths, dyed with animal or vegetable 
colouring matter, into a solution of chlorine in water. They 
are all soon bleached by the powerful action of the chlorine. 
- Similar experiments may be tried by adding a solution of chlo- 
rine to solutions of colouring matter in water. Chloride of 
lime dissolved in water may be substituted for chlorine, adding 
a few drops of acid. 

724. Put several flowers into a large glass jar, and inflame a 
little sulphur in a small metallic cup placed within the jar. 
The sulphurous acid produced by the combustion of the sul- 
phur blanches a number of flowers. The purple grape hya- 
cinth, the blue crocus, the violet, and many other blue flowers, 
do well for this experiment ; the first is the best, 
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725. Hold some of the blanched flowers in vapours of hydro- 
ehloric acid gas, produced by pouring aqueous sulphuric acid on 
common salt; the acid, acting on the base of the colouring 
matter, produces a red tint, 

726. Put another portion of the blanched flowers into a jar 
containing a very little strong aqueous ammonia; the vapour 
escaping from it turns them to a fine green, 
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CHAPTER XXX, 
SUGAR.—VINOUS FERMENTATION, —ALCOHOL.—ETHER. 


727. Sugar is a vegetable principle which is capable of afford- 
ing a great diversity of products, more particularly when sub- 
jected to those changes that accompany the vinous fermentation, 
a process that consists essentially in the decomposition of sugar, 
and in the production of alcohol and carbonic acid. 

728. Sugar is solid, white, and inodorous when pure, and 
does not deliquesce on exposure to the air. It is soluble in 
water and alcohol, and combines with alkalies, earths, and 
metallic oxides. By the strong acids it is decomposed. Sugar 
is procured principally from the juice of the sugar-cane, which 
may be regarded as an impure solution of sugar. Acids which 


-it contains are neutralised by lime, and numerous impurities 


are removed as the juice is boiled. The solution, after concen- 
tration, gives raw sugar on cooling, from which the concen- 
trated syrup termed molasses is then drained. By repeated 
solution, filtration, and crystallisation, the sugar is ultimately 
rendered of a pure white colour ; animal charcoal is employed 
to a great extent in this process to destroy colouring matters, 
and albumen to coagulate and entangle impurities. 

729. Sugar presents a great variety of appearances in its raw 


state, according to the strength and purity of the solution from 


which it is deposited. Its texture and appearance also are very 
various when fused, crystallised slowly, or combined with 
eee proportions of water, colouring matter, or other mate- 
rials, hh 

730. Vinous Fermentation.—The term fermentation is used 
generally to signify any of those changes that are induced spon- 
taneously in animal or vegetable matters by the reaction of 
their elements, and vinous fermentation constitutes that variety 
in which alcohol is produced by the decomposition of sugar. 
Vegetable juices containing sugar, or a solution of pure sugar 
in water, when exposed to a temperature between 60 and 70 
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degrees, soon undergo the vinous fermentation, if a portion of 
yeast shall have been added previously. This substance is the 
flocculent: matter that is formed during fermentations, and 
though not absolutely essential to, is particularly distinguished 
by its power of promoting the vinous fermentation. It bears 
a considerable resemblance to gluten in some of its properties. 

731. During vinous fermentation, every 45 grains of sugar 
decomposed give (omitting fractions) 22 of carbonic acid and 
23 of alcohol. In numerous instances, the fermentation is 
checked before all the sugar is decomposed, and then a sweet 
compound is produced, which varies in its qualities according 
to the amount of carbonic acid retained, and the variety of 
mucilaginous and other matters that may be associated with 
the alcohol and water of the original juice or solution employed, 
more particularly volatile oils, astringent matter, and colouring 
matter. 

732. The stronger wines have been said to contain 25 per 
cent. of alcohol, and others from 12 to 18, while ale, porter, 
cider, and perry, contain from 4 to 10 per cent. These esti- 
mates are now considered to be rather high, according to some 
recent experiments. 

733. Alcohol is a transparent, colourless liquid. It boils 
at 173°5, when its specific gravity is°810. It is inflammable, 
and burns with a pale flame; the products of combustion are 
water and carbonic acid. It dissolves numerous salts, and 
also resins, camphor, and volatile oils. It combines with 
water in every proportion, and the amount associated with 
it is estimated by ascertaining its specific gravity ; the less its 
specific gravity, the smaller is the proportion of water combined 
with it. The following table shows the specific gravity of 
various combinations of water and alcohol. The specific gra- 
vity is ascertained with exact accuracy only by instruments — 
made for the purpose. By weighing first the amount of water, 
and subsequently the amount of the alcohol under examina- 
tion, which any small stoppered phial contains when quite full, 
in a bottle previously washed and dried, and maintaining it 
with the greatest care, during the progress of the experiment, 
at a particular temperature, namely, 60 degrees, its value may 
be ascertained. Or allowance may be made for the temperature, 
whether above or below 60 degrees, by referring to scales which 
have been constructed for this purpose. 
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TABLE OF THE SPECIFIC GRAVITY OF DIFFERENT COMBINATIONS OF 
ALCOHOL AND WATER, FROM THE RECORDS OF SCIENCE. 


Atoms of | Atoms of | Weight of | Weight of | Specific Gravity 
Alcohol. Water. Alcohol. Water. of Mixture. 


: 1 0) 23 0 °79460 
4 1 92 9 81793 
3 1 69 o 82598 
2 1 46 9 83843 
1 1 23 9 86726 
1 2 23 18 "90420 
1 3 23 27 92662 
1 4 23 36 "94118 
the 9) 23 45 95090 
1 6 23 54 95763 
1 7 23 63 96243 
1 8 23 72 "96597 
1 “9 23 81 96871 
1 10 23 90 "97092 


734, Alcohol is prepared by distillation from wine, ale, 
porter, the fermented infusion of malt, or other materials pre- 
pared expressly for affording this substance in a concentrated 
form. Brandy is the product obtained at first from wine, 


whisky from the fermented infusion of malt, and rum from the | 2 ‘ 


fluid obtained by the fermentation of molasses, or other impure 
solutions of sugar after diluting them with water. 

735. From these distilled liquids a stronger spirit, termed 
spirit of wine, is prepared by a second distillation, and rectified 
spirit of wine is usually the product of a third distillation. 
Alcohol, absolutely free from water, is procured solely by 
treating common alcohol with chloride of calcium, lime, or 
other materials which have a powerful attraction for water, 
separating the alcohol carefully by distillation. 

736. Ethers are very volatile, inflammable, and fragrant 
compounds, which are usually obtained by the action of acids 
with alcohol. Sulphuric ether is formed by mixing equal 
weights of sulphuric acid and alcohol, when the ether is formed 
on the application of heat, and may be separated by distilla- 
tion. Nitric, called also hyponitrous ether, may be formed .. 
on the same principle ; but the materials must be mingled — 
with extreme precaution, and by peculiar arrangements, other- 
wise violent and dangerous explosions are apt to take piace, 

737. Aldehyde is the term applied to a compound obtained 
from alcohol, by removing part of the hydrogen which it: 
contains, = 


Wiis 


148 ANIMAL SUBSTANCES—FIBRINE. 


CHAPTER XXXI. 
ANIMAL SUBSTANCES. 


738. In the animal kingdom, nitrogen, an element that 
appears rarely, or, at all events, only in minute quantity, in 
the vegetable kingdom, is an abundant element, particularly 
in the more important animal proximate principles, albumen, 
fibrine, and gelatine, of which it forms from 15 to 19 per cent. 
The presence of this element in numerous animal products, is 
the cause of the principal peculiarities which they present, 
rendering them much more prone to decomposition than vege- 
table substances, and leading to the production of ammonia, 
and other compounds, during the progress of putrefaction, 
which are more rarely evolved from vegetable substances. 

739, Animal substances, as they are met with in the living 
frame, present numerous peculiarities in their physical cha- 
yacters, which cannot be traced after death, these being in part 
dependent upon the vital fluids circulating within them, the 
temperature at which they are maintained, and other circum- 
stances connected with the living system to which they may 
be attached. These all tend to produce a peculiar series of 
changes, which cannot be imitated after death, and, accordingly, 
in experiments with all animal proximate principles, they must 
be regarded as being placed im a position essentially different 
from that in which they are observed during life—as different 
as the changes that ensue in the living frame are from those 
that are observed to ensue after death. 

740. The products of the putrefaction of animal matter are 
carbonic acid, water, ammonia, and carbureted hydrogen gases, 
which are generally mixed with various proportions of phos- 
phureted and sulphureted hydrogen gases. At very high and 
low temperatures putrefaction is arrested. Adipocire is the 
term applied to a very imperfect saponaceous compound, into 
which animal matters, excepting bone, are often converted, 
' when the air has imperfect access, or when water is constantly 
in contact with them. | 

741. Fibrine, albumen, gelatine, oily, and fatty matters, and 
bone, constitute the more abundant proximate principles in 
the animal kingdom. by 

742. Fibrine constitutes the solid part of the common mus- 
cular fibre, and forms also a part of the blood. It is insoluble 
in water and alcohol. 

743, Albumen is found in numerous fluids, as in the blood 
and in the white of the egg, and is particularly distinguished 
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by the facility with which it is coagulated by the action of 
heat, acids, alcohol, tannin, and numerous salts. 

744. Gelatine is soluble in water, and its solution is not 
coagulated by heat, but gelatinises on cooling, if sufficiently 
concentrated. It is precipitated by tannin. Ordinary leather 
consists of gelatine, combined with tannin, or other substances. 

745. Osmazome is the term applied to a peculiar principle, 
soluble both in water and alcohol ; it is considered to impart 
to broth its more peculiar flavour. 

746. Bones consist principally of earthy matter, and contain 
about 33 per cent. of animal matter. If bone be placed for a 
considerable time in diluted hydrochloric acid, the animal mat- 
ter is left, and the earthy matter dissolved. If bone be burned 
in an open fire, the animal matter is consumed, and the earthy 
matter appears. If bone be heated, and the air be excluded, 
tar and inflammable gases are evolved, and animal charcoal is 
left, which is mixed with the earthy matter of the bone. 


RESPIRATION. 


747. Respiration consists in the inspiration and expiration 
of air, which acts upon the dark-coloured blood in the lungs, 
gives it a brilliant florid red colour, and renews it continually 
in its qualities, so as to adapt it for the various purposes for 
which it is required in the living body. 

748. If we suppose 16 or 17 respirations to take place every 
minute, we may be allowed to estimate that man respires, on 
an average, 1000 times an hour, or draws upon the atmosphere, 
that great magazine of oxygen, no less than 24,000 times every 
day and night for nourishment and support, without which 
his existence could not be prolonged even for a few minutes. 

749. The great changes effected in the air are the removal 
of a part of its oxygen, which is replaced by carbonic acid gas, 
being thus vitiated in such a manner, and rendered so unfit for 
respiration, as to prove fatal to any one who might continue to 
respire for a length of time the same portion of air. 

750. Blow'through a glass tube into water tinged with lit- 
inus. The carbonic acid reddens the litmus. 

751. Blow in the same manner into lime-water; carbonate 
of lime is quickly deposited. 

_ 752. Blow into a small flask with a tube, expelling as much 
air as possible from the lungs, and immediately introduce a 
lighted suspended candle ; it is extinguished. 

753. If we assume as an average that between five and six 
ounces of carbon are consumed daily in the production of car- 
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bonic acid, then three individuals will evolve carbonic acid 
containing one pound of carbon. 

754, The following rough estimate will give some idea of 
the large quantity of carbon consumed by man alone ; to avoid 
fractions, approximative numbers have been taken in estimating 
the population of different places. 


Tons of Carbon Tons of Carbonic Acid 


Population. consumed daily. produced daily. 
Edinburgh.......s... 150,000 secre ot eee PPS Me Hy 80 
Londons. .sedesene 13500, 000%. cere ie. D2 ess eee t eee 800 
Whole globe...800,000,000.........117,833 ......08. 426,666 


755. The annual consumption of carbon, accordingly, by 
man alone, may be estimated at 42,826,666 tons, and the 
annual production of carbonic acid at 155,733,333 tons. 

756. During the respiration of vegetables, at least in the sun- 
shine, carbonic acid is decomposed, carbon retained, and oxygen 
evolved. 

757. Hence, then, the two great systems of animated nature, 
each counteracting the influence of the other by those processes 
which are essential for their nourishment and support, are 
believed to maintain the air in that state of equilibrium which 
is so necessary for the existence of both. 
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CHAPTER XXXII. 


FLAT GLASS, TUBE, AND BLOWPIPE APPARATUS. 


758. When slips of glaziers’ window-glass are properly se- 
lected, they may be used for the following purposes :— 
759. I. Solution.—Broad slips of the size seen in figs. 85 and 
86, or twice the length and breadth seen there, are best adapted 
for this purpose; they are held by one extremity, and a mi- 


Fig. 85. 


nute quantity of the substance to be dissolved, about the size 
of a mustard seed, is placed at the other, covering it with eight 
or ten drops of the liquid used for solution. 

760. Il. Boiling liquids——Slips of the same size as fig. 85 
may be employed, but they ought to be selected as thin as 
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possible ; those which are about the 20th of an inch in thick- 
ness do well. The part heated should be covered for the length 
of an inch or two with the liquid to be evaporated ; the slip 
may be placed before the fire, in a current of warm air, or one 
or two inches above the flame of a very small lamp or candle. 


Fig. 86. 


761. ILL. Crystallisation Solutions to be crystallised may 
be spread over the greater part of the glass, and left to evapo- 
rate spontaneously, or concentrated by heating, removing the 
slip from the heat the moment any solid appears on the edges ; 
if the heat be continued longer, a confused mass is generally 
observed instead of crystals: fig. 85 represents the appearance 
frequently seen, where small needle-like crystals are produced. 
Glauber salts (sulphate of soda), oxalic acid, hydrochlorate of 
strontia, and bichloride of mercury, give solutions which crys- 
tallise with great facility. 

762. IV. Filtration—When a solution is turbid, from the 
admixture of solid matter, it should be collected at one extre- 
mity ; a small tapered piece of bibulous or filtering paper, is 
then placed next it, as in fig. 86, when the Fig. 87. 
fluid in general passes along, and a drop of 
clear fluid is obtained at the pointed extremity 
of the paper. ‘The glass slip should be gently 
inclined, and more water or other solvent 
should be added, if there be not enough to 
moisten the paper. When the solution does 
not filter readily in this manner, a square piece 
of paper may be folded in two, this being 
again repeated, so that on opening it in the manner seen in fig. 
87, the fluid may be poured into it as it rests on the side of the 
flat glass. 

763. V. Distillation.—In a few cases, if a very cold slip of | 
glass be held above a fluid evaporating steadily on another 
slip, part of the vapour may be condensed and retained on the 
cold slip. 

764. These slips, or the narrow slip represented in the fol- 
lowing figure, may also be used for precipitation. 

765. VI. Slips for testing, stirring, and lifting fluids —These 
are made of the form and size shown in fig. 88. Dipped into 
any solution, a portion adheres to the extremity ; it may then 


152 FLAT GLASS APPARATUS. 


be divided into many small portions, upon a broad slip of glass 
or paper, by touching it with the end of the slip to which the 


Fig. 88. 


fluid adheres. The narrow slips being cleaned in a basin of 
water, may then be dipped into any tests, and applied to each 
separate portion distributed over the glass or paper, as in 


fig. 89. 
8 Fig. 89. 


766. VIL. For fusion and decomposition, the broad slips may 
be employed where an intense heat is not required. In exa- 
mining the effect of heat. where a more elevated temperature 
is necessary, the narrow slip should be employed, and no more 
taken up than can be lifted by the point, the quantity not ex- 
ceeding in bulk the head of a small pin. Practise experiments 
of this kind with acetate of lead, red lead, sulphate of copper, 
sulphate of iron, nitrate of silver, terchloride of gold, and any 
other substances, the effect of heat upon which has already 
been described. | 


767. In experimenting with borax and metallic oxides or 


other substances, heat the pointed extremity for half a minute, 
dip it instantly into powdered borax, a portion of which im- 
mediately adheres; it is then brought in. contact with the 
substance to be fused along with it, moistening it, if this be 
necessary, to make a little adhere. The material is usually 
heated in the flame of a lamp or candle; in the outer flame, 
a, a, fig. 41, hot air acts upon it, but in the inner flame, it is 
Fig. 90. 


1 3 5 


subjected to the action of hot carbon and hydrogen. Between 
these is the point of greatest heat. 
768. Fig. 90 shows the arrangement adopted in placing the 
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gas or other lamps, at Heriot’s Hospital, in the Scottish Insti- 
tution, in the School of Arts, and other places, where from 40 
to 120 pupils operated at once. The benches are arranged so 
that the teacher is in the centre, and able to command a view 
of them all, Cups, glasses, or saucers, with the materials, are 
placed at one end of each, and a basin of water at the other. 


BLOWPIPE. 


769. Fig. 91 represents a blowpipe made of tin, with a brass 


nozzle inserted at the lower 
extremity. The upper part 
of the tube, into which air 
is blown by the mouth, is 
3-10ths of an inch in dia- 
meter, the lower part an 
inch, and the nozzle, which 
proceeds from it, and is in- 
serted into the flame of a 
candle, or of an oil, tallow, 
or gas lamp, terminates in 
an opening about 1-40th of 
an inch in diameter. By 
blowing through this tube, 
when the nozzle is held in 
any flame, it may be made 
to produce a conical flame, 
or blowpipe dart, as it is 
“> frequently termed, with 

which numerous experiments may be per- 

formed, where small portions of matter are 

subjected to its influence. The outer part 

of the flame abounds in oxygen derived 

from the air, and is termed the owidating 

flame ; the inner part, when yellow, and 
loaded with hydrogen and carbon, is termed 

the deowidating flame. 'The carbon and hy- 

drogen tend to remove oxygen. The blow- 

pipe may be made ten inches long. Fig. 

¥2 illustrates the more important points to 

which the student should attend at first, in 

examining minutely the nature of the blow- 
pipe flame. He will proceed most satisfac- 

torily by heating a small platinum wire, 

such as is shown in the figure, in the va- 


rious places represented at the different | 


positions in which it is placed. 


Fig. 92. 
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1. Points out an interior oxidating cone, so small that it is 
scarcely noticed under ordinary circumstances, and formed by 
air proceeding directly from the blowpipe. 

2. The blue flame, which becomes highly deoxidating when 
it passes into a very luminous and carbonaceous flame. 

3. Shows the outer flame, which consists principally of pro- 
ducts of combustion. 


ing. 

5. The point of greatest heat. 

6. The termination of the visible flame. 

7. Hot products of combustion, oxidating or not, according 
to the air mixed with them. 

8. A point at a certain distance from the visible flame, at and 
beyond which an oxidating effect is always to be observed. 

If a salt containing soda be made to adhere to the platinum 
wire, it presents the appearance seen at 8. 

770. By blowing with the cheeks distended like a trum- 
peter’s, and endeavouring to renew the blast as speedily as 
possible when it intermits during inspiration, the habit of 
keeping up a continued blast is acquired, the air with which 
the cavity of the mouth is filled being used to maintain the 
stream, while a fresh portion passes down by the nostrils to 
the lungs. 

771. When a metal is to be procured from an oxide, or any 


deoxidating effect to be produced, a charcoal support is used; _ 


a piece of wood heated at one end in the fire so as to become 
black, does very well. Red oxide of lead, and aqueous sul- 
phate of copper, are much used in practising the extraction of 
metals by the blowpipe., If the outer flame is to be used, a 
slip of glass, with a small earthen cup at one extremity (fig. 98) 
is the most convenient support ; if the extremity be touched 


Fig. 93. 


with a minute quantity of a solution of silicated potassa, 
it adheres firmly, and any substance placed upon it may be 
exposed with great facility to the action of the outer flame, and 
all the effects produced and seen with great distinctness. 

772. These blowpipe cups are prepared in the following 
manner. Procure a piece of brass, one-twentieth of an inch 
thick, of the size shown in fig. 94, and with seven round holes 
in it. Place it upon a slip of paper, and fill up the apertures 
with pipe-clay, previously mixed with water, and having the 


4, Hot air beyond the outer flame, which is highly oxidat- 
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consistency of dough. Remove any superfluous clay with the 
finger ; then press them with the finger, the brass mould and 
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paper resting on the left hand, so as to give them a cupped 
form. Dry them slowly before the fire for an hour or two, 
and heat them to redness in a crucible to make them fit for 
use. 
773. Heat iron, lead, copper, zinc, tin, bismuth, and anti- 
mony, on these cups, in the outer flame, and compare the 
Fig. 95. Fig. 96. Fig. 99. 
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effect produced with what is observed when th 
on charcoal. 
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_ 774. Fuse a little borax on several cups, using it alone on 
one, and touching the others with a little of each of the follow- 
ing substances :—Binoxide of copper gives a green glass ; me- 
tallic copper is seen in the inner flame. Binoxide of manganese 
produces an amethystine tint. Arsenuret of cobalt (common 
ore of cobalt), mixed with an equal weight of nitre, produces 
a fine blue. Try also the borax on the cups, after touching it 
with a solution of gold.. A ruby-coloured compound is formed. 

775. Fig, 95 shows another form of the common blowpipe, 
fixed to a small plate of lead, so that its motion can be regu- 
lated by the mouth, and the hands left free for experimenting, 
A form of gas-burner is represented there, which is much 
employed in blowpipe experiments.. The jet represented in 
fig. 49 is also well adapted for this purpose. 


TUBE APPARATUS. 


776. Tubes of thin glass, of the size and form shown in fig. 96, 


are extremely convenient for numerous experiments where 
gases are evolved, liquids to be boiled, or solids to be heated 
and sublimed. Cases for holding them may be easily made 
of wood, of the form represented in figs. 97 and 98. Small 
retorts and receivers, pipettes and funnels, are frequently made 
with tubes, for operating on minute quantities of different 
. substances. | 
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CHAPTER XXXIILI. 


MISCELLANEOUS APPARATUS—-MATERIALS FOR EXPERIMENTS. 


777. Flasks of the form shown in figs. 100 and 101 are much 
used in a variety of, experiments. Fig. 102 represents two 
_ small flasks, or bulbs of glass, connected by an intermediate 

Fig. 100. Fig. 101. : i 
a, 


Fig. 102. 


tube, so as to be used asa small retort and receiver. The wide ; 
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flask, fig. 100, if four or five inches in diameter, does well for 
burning phosphorus and other materials in oxygen ; these are 
supported on a stand, as in fig. 35, the support being of a 
height equal to the length of the neck of the flask ; the flask, 
full of oxygen gas, is then placed over the inflamed material ; 
the mouth being downwards, and allowed to rest on rather a 
rough or grooved surface, that part of the oxygen may escape 
freely as the expansion proceeds, . 

778. Fig. 103 shows the form of a wooden stand with a 

Fig. 103. 


Emraea’, 


I da 


number of apertures, very convenient for giving a temporary 
support to retorts, flasks, funnels, and other apparatus. 

779. Fig. 104 is intended to give an outline of a very plain 
form of a retort stand, which is extremely useful, and may be © 
made ina very short time by any blacksmith. It consists of 
a small plate of wrought-iron, seven inches long, three broad, 
and one-half of an inch thick. . A stem rises three-eighths of 
an inch in diameter, and ten inches long. Rings are made of 
iron-wire, which are supported by coiling the wire two times 
and a half round the stem. These may be moved readily upon 


Fig. 104. Fig. 105. 


Fig. 106. 


the stem, but when any weight rests upon the extremity, they. 
become quite fixed. 
780. Figs 105 and 106 show the form of the long funnel for 
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introducing liquids into a plain retort, and of a common funnel, 
such as is used for filtration. Fig. 107 represents a piece of 
filtering paper, folded in the manner required where liquids 
must be filtered quickly. 

781. Figs. 108, 109—a rake and scraper required in furnace 
experiments. Figs. 110, 111, show the form of small wires of 
platinum, used for supporting minute quantities of materials in 
the flame of a lamp. 


Fig. 108. Fig. 109. Fig. 110.. Fig. 111. Fig. 112. Fig. 113. Fig. 114. 


782. Figs. 112, 118, 114, represent different forms of tongs 
and pincers. Fig. 115—a crucible and its cover. Fig. 116—a 
crucible covered with another luted to it, gas being carried off 
at an aperture made in the top. _ Fig. 117—tin pincers 


Fig: 116.462555 Fig. 116. Fig. 117. 
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783. A conical piece of tinned iron, open above and below, 
being filled with clay, and a piece of hard wood of the same 
form, but a little smaller, being pressed into it, a crucible is at 
once obtained, which must be dried and heated slowly before 
it is used. The tin and the wood must be well oiled to enable 
the crucible to beremoved. Small crucibles, two inches deep, 
one inch and a half wide at the top, and tapering a little to the 
bottom, are very convenient for numerous experiments. 


784, In using retorts, flasks, and crucibles, they should not 
in general be filled more than one-third full, where the mate- 
rials are apt to effervesce or boil over. 
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785. Pneumatic jars (see par. 243, fig. 24) must be filled 
cautiously with water when they are mounted on the shelf 5, 
to prevent them from being knocked over by any sudden 
movement in the fluid ; the spout ¢ leads any excess of water 
into the box f. 

786. Small pieces of tin, copper, iron, and zinc wire, plate 
or foil, are very useful in experiments on the small scale. 

787. Solutions are usually prepared by merely agitating the 
solid with water, or some other solvent, if it be very soluble ; 
the mixture is boiled, if the substance be sparingly soluble. 

788. Equal weights are always understood when the term 
“parts” is used, unless parts by measure be specifically men- 
tioned. 

789. Cubic inches are expressed by c. i, weight by W., 
volume by V. 

790. The following table may be frequently referred to, so 
as to enable the experimenter to calculate the weight of mate- 
rials used from the amount of the measure. 


Ted i i f 
Specific j cahaiiaets Rg 3 
mor: 1 Ounce. |1 Drachm.| 1 Minim. 


Distilled Water, - - 1000 | 455°72 56°96 0°947 
Sulphuric Ether, = - 0°720 | 328°12 41°01 | 0°683 
Alcohol, .-,.+  - | °0796 | 362°76-| 45°34: | 0°749 
Solution of Ammonia, 0°925 | 421°54 52°69 0°878 
Hydrochloric Acid, ~ 1118 |: 509°50 63°68 1061 
Nitric Acid, - - 1480 | 674°47 84°30 1°405 
Sulphuric Acid, - 1°848 } 842°18 | 105°27 1°754 
Memoranda. 

60 drops or minims = _ 1 drachm. 

8 drachms - =. bounce. 

16 ounces . ~\e=/ > ly pint. 

8 pints ~ - = 1 gallon. 

Imperial pint - = 8750° _ grains of distilled water. 

Dmiperiag mune ounce == 47> 

Cubic inch - yee) DHS AHS |. | SEAR Oh, 

OURd. avorriupois. se TOO ON a aieevees 

Ounce, avoirdupois’” ==". 437-5 Se OS COE 


791. The small museums, with flat glass, prepared by Mr 
Macfarlane, consisting of about sixty specimens, with bottles 
containing the most important acids and alkalies, are extremely 
useful in enabling the student, who has neither time nor oppor- 
tunity to operate with more extensive,,apparatus, to make 
himself familiar with a wide range of chemical phenomena. 

792. The following list of materials and apparatus may be 


160 MATERIALS AND APPARATUS. 


useful to those proposing to commence a series of experiments 
by themselves. 


[An asterisk (*) indicates that the substance before which it is placed should 
be kept in solution as well as in the solid form. Phials capable of holding from 
one drachm to two or three ounces, will do extremely well for this purpose. 
Boxes containing the materials, &e., represented below, should not cost more 
than about £3: when of the larger size, and intended for introductory courses in 
schools and academies, from £5 to £10 may be expended upon them. ] 


Sulphuric, Nitric, and Hydrochloric Acids; Solutions of Potassa 


and Ammonia—must all be kept in stoppled phials. 


_ Sulphur. 
Phosphorus. 
Todine. 
*Fused Potassa. 
*Carbonate of Potassa. 
Bicarbonate of Potassa. 
Sulphate of Potassa. 
Nitrate of Potassa. 
Chlorate of Potassa. 
Bitartrate of Potassa. 
*Ferroprussiate of Potassa. 
*Bichromate of Potassa. 
*Todide of Potassium. 
*Silicated Potassa. 
*Carbonate of Soda. 
Bicarbonate of Soda. 
Phosphate of Soda. 
*Oxalate of Ammonia, 
*Carbonate of Ammonia, 


*Hydrosulphuret of Ammonia. 


*Chloride of Lime. 
*Hydrochlorate of Lime. 
Sulphate of Lime. 
Phosphate of Lime. 
Phosphuret of Calcium. 
Fluoride of Calcium. 
Sulphate of Baryta. 
*Nitrate of Baryta. 
Sulphuret of Barium. 
Strontia. 
*Hydrochlorate of Strontia. 
Magnesia. 
Sulphate of Magnesia. 
*AlTum. 
Silica. 


Tron. 

Oxide of Iron. 

Peroxide of Iron. 
*Sulphate of Iron. 
*Perhydrochlorate of Iron. 

Lead. 

Sulphuret of Lead. 

Litharge. 

Red Oxide of Lead. 

Carbonate. of Lead. 
*Acetate of Lead. 
*Nitrate of Lead. 

Ore of Cobalt (Arsenuret),. 

Tin. 

Bismuth. 

Antimony. 

Sulphuret of Antimony. 

Copper. 

*Sulphate of Copper. 
*Nitrate of Copper. 

Zinc. 

Oxide of Zinc. 

Arsenious Acid. 

Sulphuret of Arsenic. 

Binoxide of Manganese. 

Mercury. 

Binoxide of Mercury. 
*Bichloride of Mercury. 

Bisulphuret of Mercury. 

Bicyanide of Mercury. 
*Nitrate of Silver. 
*Bichloride of Platinum. 
*Terchloride of Gold. 
*Tincture of Galls. 


*Oxalic, Tartaric, and Benzoic Acids. 
Cabbage, Turmeric, and Litmus Test-Papers; Filtering Paper. 
Chalk or Marble, Sulphuret of Iron, and Borax, may be provided 


in larger quantity. 


MISCELLANEOUS APPARATUS. 


Pneumatic Trough with Shelf. 

Pneumatic and Precipitate Jars, 
with Tin Trays. 

Tube Retort, Receiver, 
Funnel. 

Basin for Evaporating. 

‘Watch Glasses. 

Test-Tubes. 

Pipettes. © 

Bottle and Bent Tube. 

Spirit-Lamp. 

Glass Funnel. 

Slips of Glass for Solution, Eva- 
poration, Crystallisation, Fu- 
sion, and Testing. 

Apparatus for Instantaneous 
Light. 


sand 
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Retort, Stand, and Ring. 

Cupped Iron Block with Iron 
Bar. 

Triangular Supports made of 
Wires of different Metals. 

Crucibles. 

Blowpipe. 

Blowpipe-Lamp. 

Blowpipe-Cups. 

Brass Mould for making them. 

Platinum Wire. 

Supports for Candles, Sulphur, 
Phosphorus, Test-Tubes. 

Iron- Wire, Slips of Copper and 
Tin. 

Phials, Test-Tubes. 


793. Paper dipped in different fluids is well adapted for 
illustrating a great variety of chemical phenomena. Dip dif- 
ferent slips of paper into solutions of nitre, nitrate of lead, and 
nitrate of copper; dry them and set them on fire, so as to burn 
without flame; carbonate of potassa, highly alkaline, is pro- 
duced ‘with the first, metallic lead and copper with the others 
—the copper immediately attracting oxygen, and assuming a 
dull appearance, 
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Dr D. B. REID’S CLASSES 


Will be given in future in London. Applications may be made to 
Dr Rei, at 15, Duke Street, Westminster. (Entrance from St 


James’s Park.) | 

The LECTURES and PRACTICAL COURSES will comprise a 
series of Instructions in the Theory and Practice of Chemistry and 
of Chemical Analysis, for Professional Students. 

COURSES are also adapted for Officers of the Army and Navy, 
Emigrants, and others interested in the Practical Applications of 
Chemistry, including the Theory and Practice of Warming and 
Ventilating. : 

A Separate COURSE is given for Teachers who may be desirous 
of introducing Practical Science in Elementary Schools. 


Elementary Works on Chemistry by Dr Rep. 


1, RUDIMENTS of CHEMISTRY. Price 2s. 6d. bound ; sewed, 
2s. 3d. 

2, TEXT BOOK for STUDENTS of CHEMISTRY attending 
LECTURES. Third Edition. Price 6s. 

3. ELEMENTS of the THEORY and PRACTICE of CHE- 
MISTRY, with numerous Wood-cuts. Price 18s. 
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CHAMBERS’S EDUCATIONAL COURSE. 


EDITED BY 


WILLIAM AND ROBERT CHAMBERS. 
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Tus Course will, as far as possible, embody the code and mate- 
rials of a complete Elementary Education, Physical, Moral, and 
Intellectual, calculated to prepare the young for the performance 
of the duties and labours of life. The Series will contain— 
FIRST, 
A GENERAL TREATISE ON, AND DIRECTORIES FOR, EDUCATION. 
“SECOND, 
TEXT-BOOKS FOR USE IN SCHOOLS AND FOR PRIVATE INSTRUCTION. 


The Works already Published are as follows :— 
DIRECTORIES. 


INFANT TREATMENT; addressed to Mothers and Nurses. A simple 
and perspicuous Code of Rules for the Management of Infants under Two 
Years of Age. Price Is. 3d. 


INFANT EDUCATION from Two to Six Years of Age. Applicable 
to the Infant-School and the Nursery. Price 2s. 


READING LESSONS. 
THE FIRST BOOK OF READING; adapted to the intelligence of 
Children under Six Years Old. Price Three-halfpence. 


THE SECOND BOOK .OF READING; a Regular Series of Lessons 
on the Consonants for more advanced Pupils. Price 3d. 


SIMPLE LESSONS IN READING;; calculated to advance the Child 
in Reading and Spelling. Price 10d. cloth. 


———— 
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RUDIMENTS OF KNOWLEDGE;; a familiar explanation of Exter- 
nal Appearances in the Natural and Social World. Price 10d. cloth. 

THE MORAL CLASS-BOOK ; adapted for the use of Children of Ten 
Years of Age. Price ls. 6d, cloth. 

PRIN CIPLEY OF ELOCUTION; in which Inflection, Modulation, 
and the Measure of Speech are explained; with Selections of Pieces as 
examples in various styles of Reading. By WiLL1AM Grauam. Price 
3s. cloth. " 

EXEMPLARY AND INSTRUCTIVE BIOGRAPHY ; containing the 
Lives of Men who have benefited their species by their efforts of intellect. 
Price 2s. 9d. cloth. 


HISTORY. 
HISTORY OF GREECE; its Literature, Philosophy, and Arts, with 
a brief view of its Political and Military Events. Price 3s. cloth. 
THE HISTORY AND PRESENT STATE OF THE BRITISH EM- 
PIRE; with a View of the Institutions, Commercial System, Manufac- 
tures, and Resources of the Empire. Price 2s. 6d. cloth. 


HISTORY OF THE ENGLISH LANGUAGE AND LITERATURE; 
adapted for the use of more advanced classes in public schools. Price 
2s. 6d. cloth. 


NATURAL PHILOSOPHY. 

INTRODUCTION TO THE SCIENCES; presenting a Connected and 
Systematic View of Nature. Price 1s. cloth. 

THE LAWS OF MATTER AND MOTION; comprehending Weight, 
Heat, and the Movement of Bodies. Price 10d. cloth. 

MECHANICS; including the Elements of Machinery and Moving 
Forces. Price 10d. cloth. 

HYDROSTATICS, HYDRAULICS, ‘AND PNEUMATICS; or the 
laws of fluids both liquid and aériform. Price 10d. cloth. 


RUDIMENTS OF CHEMISTRY}; with Illustrations of the Pheno- 
mena of Daily Life, and a series of experiments for Schools. By D. B. 
Rerp, M.D., F.R.S.E. Price 2s. 6d. cloth. 
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PHYSIOLOGY AND NATURAL HISTORY. 


RUDIMENTS OF ANIMAL PHYSIOLOGY ; explaining in familiar 
language the Structure of the various Organs of the Living Animal, with 
their respective Functions. Price 1s. 9d. cloth. n 

THE RUDIMENTS OF ZOOLOGY ; being a Comprehensive Survey 
of the whole Animal Kingdom, adapted for the use of Schools. Price 4s. 
cloth. 

_ THE RUDIMENTS OF VEGETABLE PHYSIOLOGY ; conveying a 
general idea of the Structure and Organs of Plants, with their Functions, 
adapted for the use of Schools. Price Is. 9d. cloth. | 

" RUDIMENTS OF GEOLOGY; in which the leading facts of the 
Science are stated in the simplest manner consistent with accuracy. 
By Davip Pace. Price 2s. 6d. cloth. 


MATHEMATICS. 


. INTRODUCTION TO ARITHMETIC; including all that is requisite 
for the common purposes of life. Price 1s. cloth. 

THE ELEMENTS OF ALGEBRA; a Theoretical and_ Practical 
Treatise, with an Appendix, and various improvements. By A. BELL. 
In Two Parts. Price 2s. 6d. each, cloth. 

A KEY to the Treatise on ALGEBRA. By A. Beuu. Price 2s. 6d. cloth. 
. THE ELEMENTS OF PLANE GEOMETRY ; according to Euclid. 
By A. Bex. Price 2s. 6d. cloth. 

' SOLID AND SPHERICAL GEOMETRY AND CONIC SECTIONS. 
By A. Beuu. | Price 2s. 6d. cloth. vk 

A TREATISE OF PRACTICAL MATHEMATICS. aT contain- 
ing Geometry, Trigonometry, Mensuration of Heights, Distances, Sur- 
faces, and Solids. By A. BEL. Price 4s. cloth. 

A TREATISE OF PRACTICAL MATHEMATICS. Part II. con- 
taining Land-Surveying, Gauging, Projectiles, Spherical Trigonometry, 
Astronomical Problems, and Navigation. By A. Beuu. Price 4s. cloth. 

MATHEMATICAL TABLES. By A. Brevi. Comprehending all the 
most important Tables required in Trigonometry, Mensuration, Land- 
Surveying , Navigation, Nautical Astronomy, é&c. and particularly adapted 
to the above Treatises of Practical Mathematics. Price 3s. 6d. cloth. 
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GRAMMAR. 

INTRODUCTION TO ENGLISH COMPOSITION ; consisting of 
simple instructions in the art of forming sentences, for children of 
from eight to ten years old. Price 6d. cloth. 

ENGLISH GRAMMAR AND COMPOSITION. Part I. Orthography 
and Etymology taught by precept, example, and practice. By A. J. D. 
D’OrsEy, High School, Glasgow. Price ls. 6d. cloth. 

_ ENGLISH GRAMMAR AND COMPOSITION. Part II. Syntax and 
Prosody, or the nature, construction, arrangement, and punctuation of 
sentences. By A. J. D. D’Orsry. Price ls. 6d. cloth. 

EXERCISES IN ETYMOLOGY ; exhibiting the several roots of the 
English Language. By WILLIAM GRAHAM. Price 2s. cloth. 


GEOGRAPHY. 

A GEOGRAPHICAL PRIMER; adapted to the development of the 
physical and political characters of the chief countries of the world, with 
a Map of the Hemispheres. Price 8d. cloth. 

A GEOGRAPHICAL TEXT-BOOK for England, in reference to the 
School-room Map. Price 10d. cloth. 

SCHOOL-ROOM MAPS of England, Ireland, Scotland, Europe, Asia, 
Palestine, North America, South America, Africa, and the Hemi- 
spheres, designed by JAMES FAIRBAIRN. Each Map measures 5 feet 8 
inches in length by 4 feet 10 inches in breadth. Price, coloured on cloth, 
with rollers, 14s. each. The Hemispheres (including Astronomical Dia- 
grams), 21s. 

' CHAMBERS’S SCHOOL ATLAS OF MODERN AND ANCIENT 
GEOGRAPHY ; containing thirty-four quarto maps, coloured. Price 
10s. 6d. cloth. 


<1. 


DRAWING. 
FIRST BOOK OF DRAWING, with exercises for practice on the slate 
and black board. By Jonn CuArK. Price 1s. 6d. cloth. 
SECOND BOOK OF DRAWING; including perspective, and light and 
shade. By JoHn CLARK. Price Is. 6d. cloth. 


Published by W. & R. CHAMBERS, 339 High Street, Edinburgh, and 98 
Miller Street, Glasgow ; also by W. S. Orr & Co., Amen Corner, Lon- 
don; W. Curry, Jun. and Co., Dublin; and all Booksellers. 
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CHAMBERS’S EDUCATIONAL COURSE. 


THE object of CHAMBERS’s EDUCATIONAL CoursE is to furnish the 
friends of an improved system of education with the books required 
for carrying out their views in the actual business of the nursery 
and school. It is constructed upon a theory which acknowledges 
that the human being possesses a physical, a moral, and an intellec- 
tual nature, each of which calls, throughout the period of infancy 
and youth, for its appropriate exercise, training, and instruction. 
In the execution of their task, the Editors have endeavoured to give 
a uniform tone and character to the works composing the series— 
the first time, they believe, anything of the kind has been attempted; 
and also to inculcate throughout not only sound views of physical 
and social economy, but to excite the kindlier affections and feelings. 
Everything likely to cherish discord or rouse the meaner passions 
has been carefully avoided. : 


Of this series of educational treatises, nearly forty volumes are 
now published; and it is the anxious desire of the Editors that it 
should be completed as speedily as may be consistent with the 
deliberation required for so important an undertaking. The Course 
consists of two main divisions— 


I. Directories of Education—Physical, Moral, and Intellectual— 
for the use of Parents and Teachers, referring to three stages of the 
period of Elementary Education. 


II. A series of Text or School-books, comprehending Elementary 
Instruction in Science, Literature, and History, in which the art of 
Reading and Elocution are embraced. In order to accommodate 
those whose opportunities of education are limited, a number of 
the treatises are in the character of Introductions, Rudiments, or 
Primers, embracing the more familiar'and indispensable branches 
of knowledge. Thus, a short series of books may be selected for 
schools of a humble order, or the whole may be employed for acade- 
mies and establishments of an advanced kind. 


All the volumes are uniform in size (large 18mo), and are issued 
strongly and neatly bound in cloth, gilt lettered, at exceedingly 
moderate prices. ; 


The following CataLocur, explanatory of the object of the diffe- 
rent volumes, is respectfully submitted to Parents, Teachers, and 
others interested in the instruction of youth. It will be observed, 
that Collections or mere Lesson-books form no part of the series. 
The Editors consider that reading as well as orthography may. be 
learned while the pupil is going through and being generally exer- 
cised on the works of a systematic kind here indicated; and that 
all mere Lesson and Spelling-books are therefore superfluous. Should 
additional exercises in reading be required, the best study will con- 
sist “5 periodical and other literature, suitable to the capacities of 
youth. 
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Directories of Cyucation, 


INFANT TREATMENT 
UNDER TWO YEARS OF AGE, 


In education, a place of great importance must be assigned to that branch 
which regards the constitution of the human being at the first, and the 
treatment of it in those early years, or rather months, when it is most deli- 
cate, and most liable to be affected for good or evil. On these subjects the 
present volume forms a complete code of instruction—at once philosophical 
and practical. 

Price 1s. 3d. 


INFANT EDUCATION 
FROM TWO TO SIX YEARS OF AGE. 


This volume is addressed to the Conductors of Nurseries, and of those 
extended Establishments of the same kind—Infant Schools. It describes the 
apparatus required in both for instruction and management, and lays down 
the principles of training, presenting many niatters requisite for that purpose, 
and conveying many of the lessons and rules of conduct which may be im- 
pressed on the mind in early childhood. 


Price 2s. 


DIRECTORIES 


for the Management of Juvenile and Advanced Schools; for the use of 
Teachers. (In progress.) 


Cert, or School Books. 


THE FIRST BOOK OF READING; 


Adapted to the intelligence of Children under Six years old. 
Price 13d. 


THE SECOND BOOK OF READING; 


A Regular Series of Lessons on the Consonants, for more Advanced Pupils. 
Price 3d. 


SIMPLE LESSONS IN READING; 
Calculated to advance the Child in Reading and Spelling. + 
Price 10d. cloth. 
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RUDIMENTS OF KNOWLEDGE. 


In this work the child is introduced in a progressive manner, and by lessons 
to be read in schools, to a knowledge of the external appearances in the 
natural and social world; the explanations being given in simple language, 
suitable to juvenile minds. The subjects of the lessons are—God and the 
Works of Creation; Animated Creatures; Mankind as Nations and Indi- 
viduals; the Country ; Processes of Husbandry; Inanimate Objects—Stones, 
Slate, Glass, Clay, Bricks, Metals; Wood, Trees; Water, the Ocean, Ships, 
the Compass, Fishing, Rivers; the Senses, Colours and Tints; Forms of Ob- 
jects ; Size and Measurement of Objects; Art of Writing, Books; Printing, 
Literature; Counting, Numerals; Time, Clocks, Watches, Seasons; Buying 
and Selling, Money; Property, Labour; Professions and Trades; Civil Go- 
vernment; Social Arrangements, Towns, Cities, Houses; Faculties and 
Emotions of the Mind. Illustrated with numerous Wood-Engravings, 


Price 10d. 


THE MORAL CLASS-BOOK. 


In a series of advanced Reading Lessons, this volume describes the more 
important Moral and Economic Duties of Life, illustrating them by means of 
Anecdotes, Historical and Biographical, by Fables and other Narratives, 
together with a Selection of Scriptural Passages and Apothegms. 


_ Price 1s. 6d. 


INTRODUCTION TO THE SCIENCES. 


This volume presents a Systematic View of Nature, under the various 
sciences of Astronomy, Natural Philosophy, Geology and Physical Geography, 
Meteorology, Electricity and Magnetism, Chemistry, Botany, Zoology, Hu- 
man Physiology, and Mental Philosophy. Careis taken that the information 
given should not be a superficial view of a few unconnected phenomena, but 
a chain of principles calculated, in combination, to impress a distinct and 
comprehensive idea, and to make it possible that even those who leave 
school at the early age of ten, shall not go into the world without some know- 
ledge of the parts of which it is composed, and the laws by which it is regu- 
lated. Illustrated by Wood-Engravings. 


Price 1s. 


INTRODUCTION TO ENGLISH COMPOSITION. 


Directigns. for Exercises in Composition, designed as preparatory to the 
Study of Grammatical Rules. 


Price 6d. 
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INTRODUCTION TO ENGLISH GRAMMAR. 


Intended to convey the Theory and Practice of English Grammar in as 
simple and elementary a form as possible. 


| 
Price 1s. 3d. | 


ENGLISH GRAMMAR AND COMPOSITION, 


Part I.—OrTHOGRAPHY AND EryMoLocy. 


Price 1s. 6d. | 


Part II.—SynrTax AND PrRosopy. 


Price 1s. 6d. 


A due preparation having been made by exercises from the Introduction to 
finglish Composition, pupils may be advanced either into the Introduction to 
English Grammar, or into the present larger treatise in two parts, according 
as a briefer or more extended course of education may be contemplated. 


As a code of systematic Grammar, this Treatise is a triple compound of Pre- 
cept, Example, and Practice. To fel/ is not sufficient; to show is of great ad- 
vantage; to train is the grand secret of success. Here all the three modes 
are provided for. 1. The subject is introduced by a definition, description, or 
explanation, sometimes given in several forms. 2. This is followed by ex- 
amples, not of doubtful origin, but collected with labour from the best writers 
in our language—authority being everything in a work of this nature. 3. The 
pupil is furnished with words illustrative of the definitions to be worked up 
into sentences. ‘Thus every lesson is strictly practical. 


In the second part, while Prosody is duly cared for, attention is chiefly de- 
voted to Syntax, with its important subdivisions and collateral subjects, 
establishing each rule by the practice of the most accurate writers, and 
affording a copious supply of appropriate exercises, by which the teacher is 

_ enabled to ascertain with ease the pupil’s knowledge of the principles ex- 
plained. 


” 
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EXERCISES ON ETYMOLOGY. 


In this volume, an important department of English Grammar is more 
largely treated. it presents distinct vocabularies of words from the Saxon, 
Latin, and Greek, with appropriate examples and exercises, 


Price 2s. 
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PRINCIPLES OF ELOCUTION. 


Besides treating the important subject of Inflection, this volume affords 
explanations of Modulation and the Measure of Speech; subjects which have 
hitherto, in the greater number of Elocutionary Treatises, been entirely over- 
looked. There is added a copious selection of pieces in Prose and Verse, as 
examples in various styles of reading. : 


Price 3s. 


UNIVERSAL HISTORY. (In progress.) 


HISTORY OF GREECE. 


In this volume the political and military history of Greece are given with 
all possible brevity, so as to reserve a considerable space for what is of more 
consequence—the history of Poetry, Morals, and the Imitative Arts, 


Price 3s. " 


HISTORY OF ROME. (In progress.) 


HISTORY OF THE BRITISH EMPIRE. 


The present volume forms a comprehensive outline of British History, from 
the Conquest by the Romans till the reign of William IV. It unites, for the 
first time, the History of the Three Kingdoms, England, Scotland, and Ire- 
land, in one narrative. Lessons are added on the present state of the Empire, 
its Territory and Population—Wealth and Industry—Agriculture, Manufac- 
tures, and Commerce—Government—Revenue, Expenditure, and Armed 
Force—Dispensation of Laws—and Religion. 


Price 2s. 6d. 


HISTORY OF THE ENGLISH LANGUAGE AND 
LITERATURE. 


Suitable to the more advanced classes in English Academies. Designed also 
to be useful to many besides young persons at school—to all whose minds have 
been awakened to a desire of knowledge—guiding them to the stores of Eng- 
lish literature, and distinguishing for them those works which are most wor- 
thy of their attention. 


Price 2s. 6d. 
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EXEMPLARY AND INSTRUCTIVE BIOGRAPHY. 


The principal persons who have advanced science and art; the most re- 
markable discoverers and inventors; those who have distinguished them- 
selves by their humanity, their patriotism, and their successful contendings 
with depressing circumstances—are here presented in the manner judged 
most likely to stimulate others to take similar courses, and to manifest simi- 
lar virtues. 

Price 2s. 9d. 


THE LAWS OF MATTER AND MOTION, 


The laws of Matter and Motion, usually treated under the titles of Statics, 
Pyronomics (or Heat), and Dynamics, form not only the proper introduction 
to Natural Science, but that particular department of it with which it ig 
of the most importance that all should be made familiar. For these reasons, 
they are here presented in a small distinct treatise, the price of which, as 
well as the simplicity of the language employed in its composition, may be 
expected to facilitate its general introduction into schools and families. 


Price 10d. 


MECHANICS. 


This Treatise carries the pupil to the farthest limits of Dynamical and 
Mechanical Science to which he can reasonably be expected to proceed with- 
out a knowledge of Algebraic and Mathematical formulz. It is illustrated 
with nearly 100 Engravings on wood. 


Price 10d. 


HYDROSTATICS, HYDRAULICS AND 
PNEUMATICS. 


The pupil, baving been made acquainted with the Laws of Matter and 
Motion, and with Mechanics, is now introduced to a knowledge of the Laws 
of Fluids, both as respects liquid and aériform bodies. 

In this, as in the preceding Treatises, very great pains have been taken to 
render the language simple and intelligible, so that the learner may find at 
least no technical difficulty in his path. 


Price 10d. 


OPTICS, ACOUSTICS, ELECTRICITY AND MAG- 
_ NETISM, METEOROLOGY. (Jn progress.) 


CHAMBERS’S EDUCATIONAL COURSE. 


RUDIMENTS OF CHEMISTRY. 


Designed to facilitate the introduction of Chemistry as an elementary 
branch of education in schools, and to lay a foundation for the pupil’s future 
progress in the science, and in the more important of its practical applications 
in the economy of daily life and the useful arts, by awakening his mind to the 
nature of the material world in which he is placed. 


Price 2s. 6d. 


RUDIMENTS OF ANIMAL PHYSIOLOGY. 


The organisation of animals, and particularly of the human being, is here 
described by one who has been much accustomed to explain the subject in 
popular lectures. The Treatise is illustrated by Wood-Engravings. The 
object chiefly held in view, besides that of imparting knowledge of a portion 


4 of nature, is to enable individuals to live in the manner most conducive to 
health. ; 


Price 1s. 9d. 


RUDIMENTS OF ZOOLOGY. 


Presenting a complete view of the Animal Kingdom, as a portion of external 
nature. As the composition of one of the most eminent physiologists of our 
age, it possesses an authority not attributable to such Treatises in general. 
Illustrated by numerous Wood-Engravings. 


Price 4s. 


RUDIMENTS OF VEGETABLE PHYSIOLOGY. 


Designed to convey an idea of the General Structure and Functions of 
Plants—their various organs, and the terms by which these are respectively 
distinguished—their modes of growth and reproduction—their geographical 
distribution—and their extensive utility in the scheme of creation. Nume- 
rous Engravings. 


Price 1s. 9d. 


SYSTEMATIC BOTANY. (Jn preparation.) ' 
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RUDIMENTS OF GEOLOGY. 


The subject is here presented in its two aspects of interesting and important 
—interesting, inasmuch as it exhibits the progressive conditions of the earth 
from the remotest periods, and reveals the character of the plants and ani- 
mals which have successively adorned and peopled its surface ; and important, 
as it determines the position of those metals and minerals upon which the arts 
and manufactures so intimately depend. Mlustrated by Wood-Engravings. 


Price 2s. 6d. 


GEOGRAPHICAL PRIMER. 


This Treatise is so constructed, as to contain much general and particular 
information in little space—the whole adapted for beginners, or for the instruc- 
tion of a humble class of scholars, who are not put through a full course. 


Price 8d. 


PRIMER ATLAS. 


This small Atlas consists of Nine quarto Maps—the Two HEMISPHERES, 
Europe, the Britisy IsLAnps, Asta, PALESTINE, AFRIcA, NorTH AME- 
RICA, and SoutH AmeERIcA. It is designed as a companion to the Geogra- 
phical Primer. 

Price 2s. 6d. 


GENERAL TREATISE ON GEOGRAPHY. 
(In progress.) 


SCHOOL ATLAS. 


Consisting of Thirty-four quarto Maps, Illustrative of Modern and Ancient 
Geography, from the latest authorities. The maps are coloured in outline, 
and accompanied by a copious Index. 


Price 10s. 6d. 


SCHOOL-ROOM MAPS, 


Ten in number—England, Ireland, Scotland, Europe, Asia, Pales- 
tine, North America, South America, Africa, and the 
Hemispheres. 
Each Map measures 5 feet 8.inches in length by 4 feet 10 inches in breadth. 
Price, coloured on cloth, 14s.each. The Hemispheres (including Astronomical 
Diagrams), 21s. All these Maps are mounted on rollers for hanging on the 
walls of school-rooms. 
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A GEOGRAPHICAL TEXT-BOOK for the Mar oF 


ENGLAND. 
Price 10d. 


TEXT-BOOKS for the other Maps. (Jn progress.) 


INTRODUCTION TO ARITHMETIC. 


As a first book on the subject, it is limited to the expressly elementary, 
yet includes all that is likely to be required by persons in ordinary circum- 
stances. The compiler has studied extreme simplicity of diction, and in 
every instance shown the meaning of the rules and questions by examples 
wrought out at length before the eye of the pupil. 


Price 1s. 


ELEMENTS OF ARITHMETIC. (Nearly ready.) 


THE ELEMENTS OF ALGEBRA. 


Containing all the subjects in theory and practice usually comprehended 
in an elementary work. The author has kept in view, as a special object, to 
explain, as clearly as possible, the principles of the science, to illustrate them 
fully by appropriate examples, and to prescribe a sufficient number of exer- 
cises for solution by the student, in order to impress the principles on his 
memory, and enable him to acquire a competent skill in Algebraical compu- 
tation. 

Two Parts, price 2s. 6d. each. 


A KEY TO THE ELEMENTS OF ALGEBRA. 


A Sequel to the preceding Treatise, designed to assist the student of Algebra, 
by enabling him to work questions correctly, and surmount any difficulties 
he may encounter in his progress through this branch of his Mathematical 


studies. 
Price 2s. 6d. 


PLANE GEOMETRY. 


Consisting of the first six books of Euclid, a book on the Quadrature and 
Rectification of the Circle, a book on Geometrical Maxima and Minima, an 
exposition of the method of Geometrical Analysis, and an additional second 
and fifth book. There is likewise a Treatise on Plane Trigonometry. 


Price 2s. 6d. 


A KEY TO PLANE GROMETRY, 


Price 2s. , 
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SOLID AND SPHERICAL GEOMETRY AND 
CONIC SECTIONS. 


This volume presents the higher branches of Synthetical Geometry. It 
consists of treatises on Solid Geometry, Spherical Geometry, Spherical Trigo- 
nometry (these from Playfair’s Euclid), the Projections of the Sphere, Per- 
pendicular Projection, Linear Perspective, and Conic Sections. 


Price 2s. 6d. 


A TREATISE ON PRACTICAL MATHEMATICS. 


Part I.—Containing Practical Geometry, Trigonometry, Mensuration of 
Heights and Distances, Mensuration of Surfaces, Land-Surveying, Mensura- 
tion of Solids, Gauging, and other subjects. 

Part IJ.— Containing Barometric Measurement of Heights, Levelling, 
Strength of Materials, Projectiles, Fortification, Spherical Trigonometry, 
Astronomical Problems, Navigation, and Geodetic Surveying. 

In preparing this Treatise, considerable pains have been taken to explain 
the method of solving the numerous problems. The rules are expressed as 
simply and concisely as possible in common language. 


Price of each Part, 4s. 


A KEY TO PRACTICAL MATHEMATICS. 
(Nearly ready.) 


MATHEMATICAL TABLES. 


Comprehending all the most important Tables required in Trigonometry, 
Mensuration, Land-Surveying, Navigation, Nautical Astronomy, &c. and 
particularly adapted to the above Treatises of Practical Mathematics. 


Price 3s. 6d. cloth. 


A FIRST BOOK OF DRAWING. 


Contains directions for the simplest exercises on the slate and black board. 
Price 1s. 6d. 


A SECOND BOOK OF DRAWING. 


The pupil, having acquired some experience in the exercises above-emen- 
tioned, is now introduced to the methodic rules or principles of Drawing and 


Perspective. 
Price 1s. 6d. 


Note.—Besides the works noticed as being in progress, or not published, the 
Course will embrace some additional volumes under consideration. 
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Chantbers’s fHiscellaneous Wubltcations, 


CHAMBERS’S EDINBURGH JOURNAL. 
NEW SERIES. 
Publishing in Weekly Numbers at Three-halfpence, and in Monthly Parts. 
Six Volumes completed, at 4s. 6d. each, in cloth boards. 


*,* A few complete sets of the Old Series remaining, in twelve volumes, 
for £4, 10s. 


CHAMBERS’S INFORMATION FOR THE PEOPLE. 


The whole forming a vast body of useful and popular knowledge on 
History, Science, Arts, Geography, Literature, &c. 


Now completed in 100 Numbers, at Three-halfpence each, or in Two Volumes 
bound, at 16s. 


CHAMBERS’S CYCLOPADIA OF ENGLISH 


LITERATURE. 


A Critical and Biographical History of English Writers in all departments 
of Literature, illustrated by specimens of their writings ; 


Forming two massive and handsome volumes, price 14s. cloth. 


CHAMBERS’S MISCELLANY OF USEFUL AND 
ENTERTAINING TRACTS. 


This work, which was begun in the latter part of the year 1844, with the 
view of supplying a useful and entertaining species of reading among the 
humbler classes of the community, is published periodically, and in different 
forms. Every Saturday there is issued a number, consisting of a sheet of 
large double foolscap (32 pages), embracing a distinct subject, price one 
penny. In some instances the number consists of two half sheets, also 
distinct subjects, at a halfpenny each. The work is likewise issued in sewed 
monthly parts, at fivepence and sixpence alternately, those at sixpence con- 
taining a title and index. Every two months, the numbers or parts issued 
form a volume (256 pages), at one shilling. 


The following numbers, making fourteen volumes, have been issued :— 
VOLUME If. 


No.1. Life of Louis-Philippe. 2. Tale of Norfolk Island. 3. Story of Col- 
bert. 4. The Employer and Employed. 5. Time Enough, a Tale by Mrs 
8. C. Hall. 6. Manual for Infant Management. 7. Picciola, or the Prison 
Flower. 8. Life in the Bush, bya Lady. 9. William Tell and Switzerland. 
10. The Two Beggar Boys. 11. Select Poems of the Domestic A ffections. 
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VOLUME II. 


No. 12. Grace Darling, &c. 13. Story of Maurice and Genevieve. 14. Reli- 
gious Impostors. 15. Anecdotes of Dogs. 16. La Rochejaquelein and the War 
in La Vendée. 17. Journal of a Poor Vicar. 18. Romance of Geology. 19. 
History of the Slave Trade. 20. Story of Walter Ruysdael, the Watchmaker. 
21, Chevy-Chase, and the Beggar’s Daughter of Bethnal-Green. 


VOLUME Iii, 


No. 22. Life of Nelson. 23. The Temperance Movement. 24. Story of Peter 
Williamson. 25. Joan of Arc, Maid of Orleans. 26. Annals of the Poor— 
Female Industry and Intrepidity. 27. Slavery in America. 28. A Visit to 
Vesuvius, Pompeii, and Herculaneum. 29, Story of Baptiste Lulli. 30. Select 
Poems of Kindness to Animals. 


VOLUME Iv. 


No. 31. Wallace and Bruce. 32. Cases of Circumstantial Evidence. 33. 
Story of Richard Falconer, &c. 34. The Goldmakers’ Village. 35. The Last 
Earl of Derwentwater. 36. The Heroine of Siberia. 37. Domestic Flower- 
Culture. 38. Insurrections in Lyons. 39. The Hermit of Warkworth, and 
Other Ballads. 


VOLUME V. 


No. 40. Life of Captain Cook. 41. Anecdotes of the Horse. 42. William of 
Orange and the Netherlands. 43. Passion and Principle. 44. Life-Assurance: . 
a Familiar Dialogue. 45. Excursion to the Oregon. 46. Mrs Macclarty.:. 
Scenes from the ‘‘ Cottagers of Glenburnie.” 47. The Little Captive King. 
48. Children of the Wilds. 49. Select Poems on Love for Flowers. 3 


VOLUME VI. 


No. 50. Life of Flora Macdonald. 51. Cleanliness—Bathing—Ventilation. 
52. Anecdotes of the Deaf, Dumb, and Blind. 53. Sir Stamford Raffles and 
the Spice Islands. 54, The Sister "of Rembrandt. 55. Anecdotes of the Cat. 
56. It’s Only a Drop. By MrsS.C. Hall. 57. Toussaint L’Ouverture and the 
Republic of Hayti. 58. Curiosities of Vegetation. 59, The Ancient Mariner, 
and Other Poems, by Coleridge. 


VOLUME VII. 


No. 60. Life of Washington. 61. Anecdotes of Elephants. 62. The Story of 
Lavalette. 63. Intelligent Negroes. 64. A Visit to Madeira and Teneriffe. 
65. The Life of a Sailor Boy. 66. Hindoo Superstitions. 67. The Story of 
Valentine Duval. 68. The History of Will and Jean. 


VOLUME VIII. 


No. 69. Life of William Hutton. 70. Spectral Illusions. 71. Prince Lee Boo. 
72. The Tintoretto. 73. History of Poland. 74. The Scottish Adventurers. 
75. A Visit to Shetland. 76. Story of Baron Trenck. 77. The Heir of ye 
and Other Ballads. 
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VOLUME IX. 


No. 78. Life of Henry IV., King of France. 79. A Story of the Factories. 
By Camilla Toulmin. 80. Anecdotes of Serpents. 81. Adventures of Robert 
Drury. 82. Natural Magic. 83. Scottish Traditionary Stories. 84. Story of 
Catherine of Russia. 85. Wood-Engraving. 86. Poems by George Crabbe. 


VOLUME X. 


No. 87. Life of Oberlin. 88. Anecdotes of Ants. 89. Story of Silvio Pellico, 
90. Traditionary Tales of Tweeddale. 91. Madame Roland and the Girondins. 
92. Shipwreck of the Medusa. 93. Voluntary Distortions—Tight Lacing. 94. 
The Sculptor of the Black Forest. 95. Select Poetical Pieces of Sir Walter 
Scott. 

VOLUME XI. 


No. 96. Life of Columbus. 97. Narrative of the Russian Campaign. 98. 
Love is Power. 99. Story of Alexander Andrayne. 100. Anecdotes of Spiders. 
101. The Village Mayor, &c. 102. An Account of the Borders. 103. Select 
Poetical Pieces of Cowper. 


VOLUME XII. 


No. 104. Life of Peter the Great. 105. Story of Dela Tude. 106. The Moors 
in Spain. 107. The Montyon Prizes. 108. Curiosities of Art.—I. Architecture. 
109. The Persecutions in Scotland. 110. The Three Ways of Living. 111. 
The Child of Elle, and Other Ballads. 


VOLUME XIIt. 


No. 112. Life of Howard. 113. Curiosities of Art.—II. Mechanics—Manu- 
factures. 114. The Camisards. 115. Anecdotes of Shoemakers. 116. Story of 
a French Prisoner of War in England, 117. Rob Roy and the Clan Mac- 
gregor. 118. There is No Hurry!—A Tale of Life-Assurance, by Mrs S. C. 
Hall. 119. Selections from American Poetry. 


VOLUME XIV. 


No. 120. Gustavus Adolphus and the Thirty Years’ War. 121. The Stranger’s 
Visit to Edinburgh. 122. Narrative of the Mutiny of the Bounty. 123. The 
Ettrick Shepherd. 124. History of the Plague in London. 125. Schools of 
Industry. 126. Quintin Matsys, the Blacksmith of Antwerp. 127. Selections 
from Shakspeare. 


To be completed in Twenty Volumes. 


CHAMBERS’S PEOPLE’S EDITIONS. 


Anxious to promote a taste for an improving kind of reading among the 
less opulent classes of the community, Messrs Chambers have published a 
series of reprints of approved works in all departments of literature ; and in 
such a form (royal octavo), as to combine extreme cheapness with good ap- 
pearance, readableness, and durability. The books have been selected with 
regard to the amusement, instruction, and moral improvement of the people. 
The series also includes Original Works of an entertaining and instructive 
character, and Translations of the most approved productions of foreign 
writers. 


; REPRINTS, 
Sir George Mackenzie’s Travels in Iceland, . : Age C55 Is. 4d, 
Clarke’s Travels in Russia, Tartary, and Turkey, . ° 2s. 6d. 
Life and Travels of Mungo Park, . . e a ° ls. 4d. 
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PEOPLE’S EDITIONS—continued. 
Stephens’s Incidents of Travelin Egypt, &c. . : - ls. 10d. 
Stephens’s Incidents of Travel in Greece, &c. . : . ls. 10d. 
Malcom’s Travels in the Burman Empire, ° c ° ls. 6d. 
Malcom’s Travels in Hindustan and China, 7 A C ls. 6d. 
Brydone’s Tour through Sicily and Malta, b : f ls. 4d. 
Parker’s Journey beyond the Rocky Mountains, . ; . Is. 4d. 
Adventures of Robinson Crusoe. By Daniel Defoe, . : Is. 8d. 
The Complete English Tradesman. -By the an c . Is. 4d. 
Goldsmith’s Vicar of Wakefield, $ : e Os. 8d. 
Self-Control, anovel. By Mrs Brunton, : 3 . . 2s. 2d. 
Cottagers of Glenburnie. By Mrs i. Hamilton, . . Os. 8d. 
Palmyra. Letters from Palmyra by Piso, : : 0 Is. 10d. 
Rome and the Early Christians. By the same, . . Is. 10d. 
Julian, or Scenes in Judea. By the same, . ; ° ls. 10d. 
The Queen’s Wake, a Poem. By James Hogg, a . Os. 8d. 
Crabbe’s Parish Register, and other Poems, : : ° 0s. 6d. 
The Sabbath, and other Poems. By Grahame, . : Os. 5d. 
Lay of the Last Minstrel. By Sir Walter Scott, . 0 . Os. 7d. 
Marmion. By Sir Walter Scott, 4 F . Os. 10d. 
Lady of the Lake. By Sir Walter Scott, x ~ A Os. 9d. 
Ramsay’s Select Poems, and Gentle Shepherd, . ° Os. 8d. 
The Poetical Works of Robert Fergusson, A : ° Os. 9d. 
The Life of Robert Burns, 5 : ° c ° ls. 2d. 
The Poetical Works of Robert Burns, ° saaeaeine . 2s. Od. 
The Prose Works of Robert Burns, . . . ° ls. 8d. 
Miscellany of Popular Scottish Poems, - 4 A : Os. 8d. 
Anster Fair, and other Poems. By W. Tennant, é . 0s. 8d. 
Bacon’s Essays, Moral, Economical, and Political, . . Os. 8d. 
Locke’s Conduct of the Understanding, 7 é : Os. 6d. 
Butler’s Analogy of Religion, ° oe 2 1s. * 2d. 
Paley’s Natural Theology, with Additions, 7 : ‘ ls. 6d. 
Addison’s Moral and Humorous Essays, . era.s . 3s. 3d. 
Franklin’s Life and Miscellaneous Writings, . C ° Is. 4d. 
The History of Scotland. By William Robertson, . ° 3s. 6d. 
Reynolds’s Discourses on the Fine Arts, 3 : . ls. Od. 
The Court of Requests. By William Hutton, ‘ . ° ls. Od. 
The Sea. Narratives of Adventure and Shipwreck, . : 2s. 6d. 
ORIGINAL AND TRANSLATED WORKS. 

A Tour in Holland, the Countries on the Rhine, and pate in 1838. 

By W. Chambers, ls. 6d, 
History of the Rebellion in "Scotland in 1745-6. “By R. " Chambers. 

Fifth Edition, improved, . 3 3s. Od. 
Stories of the Trish Peasantry. By Mrs Ss. C. Hall, . : Is. 9d. 
A Treatise on Agriculture and Dairy Husbandry. By James Jackson, 

Penicuik, 2s. 3d. 
Wade’s History and Political Economy of the Working- Classes, Fourth 

Edition, improved, fs : 3s. 3d. 
Modern French Literature. "By L. R. de Véricour, 3 A 2s. Od, 
A Treatise on Man. By M. Quetelet of Brussels, 3 5 3s. Od. 
The Imprisonments of Silvio Pellico, . : ° . Os. 9d. 
Lamartine’s Travels in the East, . : & 3s. 9d. 
Guizot’s General History of Civilisation i in Europe, e = ls. 4d. 
Popular Rhymes of Scotland, ° . Is. 2d. 
A Tour in Switzerland, in 1841. By W. Chambers, A ls. 6d. 
History of Gustavus Vasa, . ° ° . : ° ls. 6d, 
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—__ 


Just Published, 


SELECT WRITINGS OF ROBERT CHAMBERS. 
Volume I. Price 4s. cloth. 


These writings will be issued in seven post 8vo. volumes, embellished with 
Vignette Engravings, price 4s. each. A volume will appear every two months, 
commencing with January 1847. 


SUBJECTS OF THE VOLUMES. 
Voll. & Il. Essays Familiar and Humorous. 

iss III. Essays Moral and Economic. 

sO IV. Essays on Philosophical Subjects, Sentimental 
Essays, and Historic Sketches. 

eee V. History of the Rebellion of 1745-6. 

ee VI. Traditions of Edinburgh. 

ees VII. Popular Rhymes of Scotland, &c. 


Just Published, 
CHAMBERS’S ATLAS FOR THE PEOPLE. 


The design of the Editors in this work is to furnish a cheap, convenient, . 
and, as far as possible, a correct ATLAS, illustrative of Modern and Ancient 
Geography. It consists of thirty-four quarto maps, carefully coloured in out- 
‘line ; an Introduction descriptive of the physical and political features of the 
globe; anda Consulting Index, so copious, that it will for the most part super- 
sede reference to a Gazetteer. The maps are engraved on steel; and every 
attention has been paid to insure their clearness and accuracy. 

Price 12s. 6d. cloth boards. 


COOKERY AND DOMESTIC ECONOMY, 
“FOR YOUNG HOUSEWIVES. 


In one small volume, neatly bound in cloth, price 1s. 6d. 


Of this work, which has gone through several editions, the authoress thus 
speaks in her preface :—‘‘ The present work has been designed and written 
entirely with a view to practical utility, and for the information of those young 
housewives in the middle ranks of society who have not had the benefit of 
regular instructions in the affairs of the kitchen. My reason for attempting to 
compose such a work may be explained in afew words. All the cookery books, 
both of an old and new date, which I have been able to procure, appear to be 
written chiefly as remembrancers for professed cooks, or as guides in the ex- 
tensive kitchens of the higher classes of persons, where economy is not sup- 
posed to be a matter of importance. The greater part of their recipes are 
consequently written on a principle of lavish expenditure, and refer to a great 
number of things which are never seen at the tables of the frugal and indus- 
trious orders of the community, or things which it is much cheaper for a 
small family to buy ready made than to manufacture at home. Excellent, 
therefore, as many of these works are, they are generally unsuitable for 
popular and practical use. Housewives who have occasion to consult them 
upon emergencies, uniformly, complain that they cannot understand them, and 
that, if they did, they could not afford to follow them as guides. It is with 
the humble hope of remedying these deficiencies that the present treatise is 
presented to the public.” 


WILLIAM AND ROBERT CHAMBERS, EDINBURGH, AND 
W. S. ORR, 147 STRAND, LONDON. 
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